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PISTON RISES 
NEARLY 
TO TOP— 

MINIMUM OF 

WASTE SPACE 


| 


The only gasholder with a 100% dry 
seal (no water, no tar, no grease) 
eliminates operating costs and 
weather-worries for more than 50 
users of chemical process and indus- 


trial gases. Write for new bulletin. 


Wiggins Gosholdor by General American 


CONVERSION EASY— 
OFTEN ADDS CAPACITY 


Your old gasholder can be con- 
verted to a Wiggins type with all 
the Wiggins advantages. 


WIGGINS 
VAPOR SEALS 1 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street e Chicago 90, Illinois 
OFFICES IN PRINCIPAL CITIES 
In Canada: Toronto lronWorks, Ltd., Toronto, Ontario 


| ALL TENSION DEVICE— 
IN SEAL INDEPENDENT 
SIDE WALL— 
| KEEPS PISTON 
‘ 
“CLEARANCES E 1S GAS-TIGHT. 
i 
| 
| ON BOTTOM 
LESS THAN No 
CONTAMINATION 
‘FOR’ PURGING 
OF GAS 
4 
GENERAL at 
NU 
TRAC! MARK 


Remember the Toronto Meeting, April 26-29. For details see March issue, 


page 17, News Section 
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for modern ways 
to handle old problems, 
specify Fischer & Porter 
instrumentation for the 


measurement and control 


for these variables... 


CONSISTENCY 
DENSITY 
DIFFERENTIAL PRESSURE 
FLOW 

HUMIDITY 

LIQUID LEVEL 
MOTION 
OPERATION TIME 
POSITION 
PRESSURE 
SPECIFIC GRAVITY 
TEMPERATURE 
VACUUM 
VISCOSITY 
WEIGHT 


plus... 
CHLORINATION 
FLOW METER CALIBRATION STANDS 
SPECIAL PROPORTIONING SYSTEMS 


STANDARD, GRAPHIC AND 
SEMI-GRAPHIC PANELS 


Send for General Catalog 1 


FISCHER & PORTER 
COMPANY 


| 2140 County Line Road 
Hatboro, Penna. 
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for low cost service 


Low in first cost, as well as in upkeep... and 
look at their wide utility— 

Use Crane Clamp Gate Valves for steam; hot 
and cold water; crude, fuel, and lubricating oil; 
air, gas, and gasoline service. 

Also in food and chemical process industries 
for caustic solutions, alkalies, corrosive chemicals, 
and gases. 


You'll find Crane Clamp Gate Valves extra 
rugged, with a strong reinforced body and husky 
stem. Their compact design means a better fit 
for more places... a saving on piping in many 
cases. And because of the simplified clamp con- 
struction, these valves enjoy wide favor where 
frequent cleanout is essential. The bonnet as- 
sembly and wedge disc lift out easily—the body 
stays in the line. Reassembling is no problem— 
the bonnet joint makes up tight and stays tight. 

Wide choice of regular patterns, all-iron or 
brass trimmed. On inside screw all-iron valves, 
an improved self-draining bonnet prevents en- 
trapment of line fluids in the bonnet—protects 
the threads, keeps the stem working smoothly. 
Send for Folder AD 1667 or ask your Crane 
Representative for full details. 


THE BETTER QUALITY...BIGGER VALUE LINE...1N BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES - FITTINGS - 


RECOMMENDED 


Gate 
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IRON BODY — WEDGE DISC 


Crane Wedge Disc Clamp Gate Valves 
come in OS&Y, inside and quick- 
opening patterns, all-iron or brass trimmed, 
screwed or flanged end. Sizes up to 4 in. 
Working pressures up to 150 p.s.i. setu- 
rated steam, 225 p.s.i. cold service. 


/ 

\ THRIFTY 

\ BUYER 


PIPE - PLUMBING HEATING 
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...Girdler designs 
and builds the plant aS 


HE GIRDLER CORPORATION is a licensing agent for the GIRDLER DESIGNS processes end plents 
hydrogen chloride manufacturing process developed by 
Hooker Electrochemical Co. Girdler designs, builds, and licenses 
these plants for the production of anhydrous hydrogen chloride 


GIRDLER BUILDS processing plants 


GIRDLER MANUFACTURES processing apparatus 


from hydrogen and chlorine. The process has proved to be highly GAS PROCESSES DIVISION: 


efficient, low in maintenance and to give uniformly good yields. Chentest Slants 
Girdler gas processing plants for many products and problems Hydrogen Production Plants Acetylene Plants 

Hydrogen Cyanide Plants Ammonium Nitrate Plan 
Synthesis Gas Plants Catalysts and Activated 


gate Girdler's complete process design-engineering-construction Plastics Materials Plonts Corbon 


serve the outstanding companies of the chemical field. Investi- 


service for your problems. Call the nearby Girdler office today. 


GIRDLER 


LOUISVILLE 1, KENTUCKY 
GAS PROCESSES DIVISION: New York, Tulsa, San Francisco © In Canada: Girdler Corporation of Canada Limited, Toronto 
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filter 


One man can open this filter, dump the cake from it, and close it 


again—in about ten minutes! 


That’s one reason why the Niagara Style “H™ Filter can cut 


your costs on large liquid filtration and solids recovery applications. 


Niagara can now offer you both vertical and horizontal pressure- 


Then he returns clean 
leaves into fliter. The cover 
locks pressure-tight with 
one swift motion. 


leaf filters, with unit sizes from 20 to 1500 square feet. If you are a 


big user of filtration, you'll want all the facts on what these filters 


can do for you. Just write or mail the coupon today. 


LARGE CAPACITY~The Style 
Filter delivers high-clarity filtrate 
at rates up to 45,000 GPH. Sizes 
range up to 1500 aq. ft. of working 
filter area in one compact, leak- 
proof unit. 


ALLOY CONSTRUCTION—AT LOWER 
COST — Because of its simple fabri- 


cated design, you can have the 
Niagara Filter in stainless steel 
and other alloys, for corrosion re- 
sistance, at low cost, Special linings 
are available, too. 


EXCELLENT CAKE-WASHING CHAR. 
ACTERISTICS Almost true dis- 
placement washing. 


JACKETING IS NO PROBLEM, EITHER 
The filter shell can be readily 

jacketed for heating or cooling at 

minimum additional cost. 


LOW DAY-TO-DAY COST Tending 
the filter is a part-time job for one 
man. The all-metal leaves rarely 
require cloths — another big saving. 


filler DIVISION 


AMERICAN MACHINE AND METALS, INC. 


Engineering and Sales Office: 3087 Main St., Buffalo 14, N. Y. 


(When writing, please use above address) 
Factory: East Moline, Illinois 
IN EUROPE: Niagara Filters Europe, 36 Leidsegracht, Amsterdam-C, Holland 
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NIAGARA FILTER Division, American Machine and Metals, Inc. 
3091 Main St., Buffalo 14, N.Y. 

Please send information on 

Niagara Pressure-Leaf Filters. 
Horizontal (Style Vertical 
Name___ 
Tithe__ 
Company 
Address 
City Zone__ State 
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Cameron 
Shaft-Seal 
Equipped! 


REFINERY AND PROCESS PUMP 
DESIGNED AROUND MECHANICAL SEAL 


CAMERON SHAFT-SEAL 
The answer to tough 
stuffing box problems. 


A stationary sealing face of carbon 
and a rotating seal ring of stellited 
steel constitute the heart of the 
Cameron Shaft-Seal. Balanced seal- 
ing areas control contact pressure 
between the sealing faces, effectively 
preventing leakage without undue 
wear of the rotating fit. In difficult 
sealing jobs, the Shaft-Seal succeeds 
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Built-in Cameron Mechanical Shaft-Seal 
reduces liquid losses and stuffing box 
maintenance in this SFLA pump line! 


The Cameron Shaft-Seal is an Ingersoll-Rand develop- 
ment that has demonstrated its dependability in thou- 
sands of process installations the world over since its 
introduction in 1928. Now, this same Shaft-Seal is built-in 
as an integral part of these pumps—at no extra cost. Use 
of the Shaft-Seal efficiently stops liquid losses and reduces 
stuffing box attention to a minimum. 

Designed for handling light refinery liquids at mod- 
erate temperatures, SFLA-MFLA-HFLA pumps are built 
in five sizes from 1 to 4 inches for low, medium and high 
head applications. Top discharge is standard, with top or 
end suction nozzles available. Capacities to 1000 gpm and 
pressures to 600 psi. Write, or ask your Ingersoll-Rand 
representative for full details. 


Cameron Pump Division 699-10 


Ing ersoll-Rand 


COMPRESSORS * CONDENSERS * ROCK-DRILLS 


11 Broadway, New York 4, N. Y. 


* AIR & ELECTRIC TOOLS * PUMPS + GAS & DIESEL ENGINES 
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Celite gives porosity... 


Incorporated in match heads, Celite Mineral 
Fillers act as “safety valves” to prevent flare-up 
and kill afterglow. 

The explanation: Celite’s porous, thin- 
walled, cellular structure gives the match heads 
greater porosity so that gas can escape quickly, 

Celite’s abrasive quality also makes matches 
easier to strike. And from a production line 


standpoint, the high absorptive capacity of 
this mineral filler speeds drying of the match 
heads .. . while its light weight and great bulk 
improve dispersion of the active chemicals in 
the match head mix. 

These and other unusual physical character- 


istics adapt Celite Mineral Fillers to numerous 
industrial uses. 


THESE CELITE PROPERTIES BENEFIT MANY TYPES OF PRODUCTS 


Celite’s minute, chemically inert particles have 
an irregular, spiny structure—which accounts 
for their efficiency as a delicate abrasive in pol- 
ishes, as a flatting agent in paints, varnishes and 
lacquers, and as a reinforcing agent for paint 
films and rubber products. 

Celite powders can absorb up to three times 
their own weight of liquid — making them par- 
ticularly useful in preventing ammonium 
nitrate crystals from caking, in absorbing liquid 
insecticide poisons, and in controlling pitch 
trouble at paper mills. And because the loose 


weight of Celite averages only 10 pounds per 
cubic foot—these mineral fillers are employed 
to fluff-up insecticide dusts and household 
cleansers, as well as to extend white pigments 
in paper manufacture. 

If you are looking for the “extra something” 
to lift your product above competition— 
at no extra cost—why not discuss your prob- 
lem with a Johns-Manville Celite Engineer? 
For further information and samples, write 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada: 199 Bay Street, Toronto 1, Ontario. 


CHECK LIST OF 
PRODUCT BENEFITS 
OBTAINABLE AT LITTLE 
COST WITH CELITE 
MINERAL FILLERS 


e Added Bulk 

e Better Suspension 

e Faster Cleaning Action 

e Greater Absorption 

® Improved Color 

e Better Dielectric 
Properties 

e More Durable Finish 

e Increased Viscosity 

e Elimination of Caking 

e Higher Melting Point 

e Better Dry Mixing 

e Improved Dispersion 

e Greater Porosity 


Johns-Manville CELITE 


crs 
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BUFLOVAK Evaporators serve every industry where liquids must be 
concentrated. 
Concentrating crystal- forming liquids is but one of the many applications. 


Continuous, low-cost evaporation is 
the primary process in the profitable 
operation of many chemical processes. 


2. The production of a clear concentrate 
is highly important when evaporating 


Here's how 
crystal-bearing liquids or the crystal-form- 


k 4 ing liquids. BUFLOVAK Patented Crystal 
ma Classifiers simplify and improve general 
BETTER PRODUCTS operating results. 


3. Continuous removal of crystals. The 
large crystals go to the salt filter. The small 
crystals are returned to the evaporator 
where they grow to the desired size and 
are returned with the mother liquor to the 
classifier. 


LOWE These units can be built separately, or as 


an integral part of the evaporator, for 
batch or continuous operation. 


This BUFLOVAK Crystal Classifier, used in 
connection with a large Triple Effect Evapora- 
tor, plays an important part in the process of 
synthesizing glycerine from petroleum. 


BUFLOVAK BUILDS 


EVAPORATORS 
Low-Temperature 
By-Product Recovery 
Chemicals 

Food Product 
Crystallization 
DRYERS 

Vacuum Double Drum 
Vacuum Rotary 

Pilot Plant 
Atmospheric 
PROCESSING KETTLES 
Mixers 

Impregnators 
Dopp Kettles 

Solvent Recovery & 
Distillation Equipment 
SEND FOR CATALOGS 


RESEARCH AND TESTING 
LABORATORY 

To assist you in the solu- 
tion of processing problems, 
BUFLOVAK offers the facili. 
ties of its Research and Test- 
ing laboratory . . where 
small scale experimental 
units show you, before you 
buy, the commercial possibil- 
ities, data on production 
cost, and characteristics of 
the finished product 


DIVISION OF BLAW-KNOX CO. 


1567 FILLMORE AVENUE 
BUFFALO 11, N.Y. 


This complete 72 page booklet on 
BUFLOVAK Evaporators has proved 
helpful to many. A request on 
your company letterhead will bring 
a copy free. 
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Widest choice... for engineered instrumentation 


Koace of the thousands of industrial proc- 
esses presents its own peculiar problems of 
measurement and control. Naturally, no 
single instrument can solve all of these varied 
problems. Serious compromises would have 
to be made in performance, convenience, and 
cost. 


The many Honeywell primary elements, in- 
struments, control systems, and final control 
elements constitute a uniquely complete fam- 
ily, covering practically the whole spectrum 
of industrial measurement and control. You 
can be sure that the combination selected 
for your job is recommended without bias, 
and with full consideration for every need of 
the application. 


Included are ElectroniK instruments for in- 
dicating, recording and controiling a host of 
variables, in circular and strip chart models; 
Tel-O-Set miniature indicators, recorders and 
controllers; Pyr-O-Vane millivoltmeter con- 
trollers; square root and linear flow meters; 
thermometers; pressure gauges. Electric and 
pneumatic control systems range from the 
simplest to the most complex, including fully 
automatic program control. Primary elements 
include thermocouples, thermometer bulbs, 
Radiamatic elements, pH assemblies, conduc- 
tivity cells, flow meter bodies and many 
others. For final control elements, there is a 


full range of motorized and diaphragm oper- 
ated valves. Supplementing these are more 
than 7000 different non-indicating devices 
for controlling temperature, pressure, vacu- 
um and other conditions. 


"Building block’’ approach 


These are the building blocks of measure- 
ment and control. To combine them into 
systems custom-fitted to your process, 
Honeywell offers the know-how gained 
through years of experience in all branches of 
industry. Whether your process calls for a 
single instrument or a complete central con- 
trol panel, you can be sure of getting the peak 
in performance and value . . . and the advan- 
tages of a single responsibility for the entire 
installation . . . when you specify engineered 
instrumentation by Honeywell. 


Engineered 
Lever 


COMPLETE COVERAGE of industrial requirements for instrumentation is at your command in the Honeywell 
line. Whatever you need to measure or control . . . to any accuracy . . . with any of a variety of special features 
.. you'll find Honeywell instruments offer the most efficient solution. 


4 


oe NEW Los Angeles plant of Lever 
Brothers Company utilizes the most modern 
methods for processing raw oils and fats 
into soaps, detergents and_ shortening. 
Prominent among these advanced tech- 
niques is Brown engineered instrumentation 
for every critical process. 


In the manufacture of Spry vegetable 
shortening, for example, Brown instruments 
help to control refining, bleaching, hydro- 
genation and deodorizing at top output and 
efficiency. Companion instruments also 
regulate the saponification, spray drying, 
extrusion and other processes vital to the 
manufacture of toilet soaps, soap powders 
and detergents. Throughout the plant, 
Honeywell controls keep critical variables 
in line with the precision essential to effi- 
cient, high-volume production. 


Whatever your process may be, you can be 
sure of getting from Brown the right instru- 
mentation .. . properly applied. First, be- 
cause the Brown line covers every major 
control requirement of the chemical in- 
dustry. And second, because these instru- 
ments are custom fitted to your application 
by engineers who have thorough experience 
in process control. 


control vital 
Brothers plant 


Our local engineering representative is well 
qualified to recommend instrumentation for 
your processes . . . and he is as near as your 
phone. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4427 Wayne Ave., 
Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Composite Catalog No. 
5000 for a condensed description of the complete Brown line. 


GAS FLOW fo Surf spray tower heaters is recorded by Brown Flow Meter . . . 
one of many in this plant. At top are Honeywell diaphragm control valves. 


Honeywell 


Fiat we Coitiols 
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BROWN INSTRUMENTS 


In All of Industrial Pumping 


| 


JOHNSTON PUMPS ARE DOING A BETTER JOB... 


Take this hot well installation, 
for example. Two Johnston Unit-Line, 
3 horsepower, close-coupled pumps 
delivering 120 gallons per minute 
against a 65 foot head, were selected 
for this job, because . . . 
1,NO PACKING GLAND MAINTENANCE 

An extra long throttle bearing and by-pass in 


the discharge case make a packing gland or 
mechanical seal unnecessary. 


2.NO BEARINGS TO LUBRICATE BELOW BASE 
LEVEL 


Vertical, hydraulically balanced design elimi- 


JOHNSTON 


VERTICAL PUMPS 


nates radial thrust and consequent bearing 


and impeller wear. 
3.NO PRIMING NECESSARY 


The open suction is submerged, thereby doing 
away with expensive priming devices used on 


other type pumps. 


Just three of many reasons 
why Johnston equipment is handling 
all types of pumping jobs BETTER, in 
large or small operations. Why not let 
our trained engineering staff consult 
with you on the best solution to Your 


particular problem? 


Send today for your free copy of our 
new bulletin about Johnston UNIT-LINE 
Pumps. Ask for Bulletin H-53. 


JOHNSTON PUMP COMPANY 
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Vote Confidence 


Catalytic on-time on-budget service has earned 
a vote of confidence from all the blue-chip or- 
ganizations listed below—repeat orders from 
most of them. We at Catalytic are proud that 
sO many important petroleum and chemical 
companies so often recognize our ability and 
our devotion to their interests. 


@ Alan Wood Steel Company @ *Petco Corporation 
Conshohocken, Pa. Blue Island, Hlinois 

@ Albatros S. A. Beige @ Petrol Terminal Corporation 
Antwerp, Belgium Texas City, Texas 

@ Allied Chemical & Dye Corporation @ Polymer Corporation, Ltd. 
Omaha, Nebraska Sarnia, Ontario, Canada 

@ ‘Pure Oil Company 


@ “Argentine Government 
Chicago, Illinois 


Lo Platte, Argentine 
@ ‘Ashland Oil & Refining Company e rn & Jones Corporation 
Ashland, Kentucky ilmington, Delaware 
@ “Rohm and Haas Company 
Bristol, Pa. 
@ Shomrock Oil & Gas Corporation 
Sunray, Texas 
@ ‘Sharples Chemicals Inc. 
@ Atomic Energy Commission Wyandotte, Michigan 
Schenectady, N. Y. @ *Show-Kendoll Company 
@ “California Refining Company Toledo, Ohio 
Perth Amboy, N. J. @ ‘Shell Berre Oil Company 
@ *Canadion Oil Refineries, Ltd. Paris, France 
Sarnia, Ontario, Canada @ ‘Sinclair Refining Company 
@ “Continental Oil Company Corpus Christi, Texas 
Ponca City, Oklahoma @ *Socony-Vacuum Oil Company 
@ “Crown Central Petroleum Corp. Paulsboro, N. J. 
Houston, Texas @ *Stondard Oi! Company of Ohio 
@ Daikyo Oil Company Cleveland, Ohio 
Yokkaichi, Japan @ Standard Oil Company of Texas 
@ “General Electric Company Paso, Texas 
Schenectady, N. Y. » Sun Oil Company 
@ *Gulf Oil Corporation ei Pa. 
Pittsburgh, Pennsylvania @ Sun Oi Company, Ud. 
Sarnia, Ontario, Canada 
T of our work for long-time customers Philadelphia, Pa. 
this syn-crude unit designed and constructed wee SB @ “international Minerals & Chemical @ “Tide Woter Associated Oil 
for an important refiner for whom we have @& Corporation Compony 
completed 15 cost-plus contracts in five years Chicago, Illinois Bayonne, N. J. 
@ “Leonord Refineries, Inc. @ U. S. Bureau of Mines 
Alma, Michigan Rifle, Colorado 
CATALYTIC 
Robinson, Illinois 


Norfolk, Virginia 
1528 WALNUT STREET, PHILADELPHIA 2, PENNA. aetna 
In Canada: 
Catalytic Construction of Canada, Limited: Sarnia, 
Ontario 


@ *Atomic Energy Commission 
New York 

@ “Atomic Energy Commission 
Oak Ridge, Tennessee 


ATALYTIC ON-TIME 
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Here’s how Trane brazes aluminum 
solve tricky heat transfer 


Corrugated fin surface for Trane 
Brazed Aluminum Exchangers is form- 
ed in special presses from aluminum 
brazing sheet. Thickness can range from 
.005 to .032 inch; fin height to .50 inch; 
spacing 4 to 18 fins per inch. 


Cross-flow arrangement has fins in ad- 
jacent passages running crosswise to 
each other. TRANe Brazed Aluminum 
Surface can pack 450 square feet of 
heat transfer surface into one cubic 
foot of space. 


A wide range of core sizes is avail- 
able up to 106 inches in length. Either 
bolt-on or integrally welded headers 
can be provided. Individual cores can 
be welded together to form larger multi- 
core units. 


Many types of surface available. 
The brazed aluminum fins may be 
straight and continuous. Or they can 
be wavy, serrated or perforated to pro- 
vide correct ratio of heat transfer to 
pressure drop. 


Multi-pass arrangement, like the 
cross-flow type, has fins in adjacent 
passages running crosswise to each 
other. With this arrangement, however, 
alternate passages are constructed to 
produce multiple passes. 


Design flexibility permits construction 
of units to handle practically any speci- 
fication of heat transfer, pressure drop, 
volume, number and direction of passes. 
Some units handle as many as six dif- 
ferent fluids simultaneously! 


Exploded view shows component parts 
of a single passage. Fins, channels and 
parting sheets, all made from aluminum 
brazing sheet, become integrally bond- 
ed when assembled unit is submerged 
in a molten salt flux bath. 


adjacent passages running parallel to 
each other. A wide variety of different 
types of corrugated fin sheets can be 
used to handle different fluids in the 
same exchanger. 


TRANE 


pioneers in 
the science of 
heat exchange 


tf yew have a tricky problem in heat 
transfer .. . TRANE Brazed Alumi- 
num Exchangers may be the answer. 
Contact your TRANE Sales Office or 
write direct. 

The Trane Company, La Crosse, Wis. ¢ East. Mfg Div. 


Scranton, Penn. e Trane Co. of Canada, Ltd., Toronto, 
80 U.S. and 14 Canadian Offices 
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PLAN FOR HIGH TEMPERATURE, LOW 
PRESSURE HEAT WITH DOWTHERM 


DOWTHERM operates in a closed system for greater uniformity... 


with temperatures up to 750°F. held to a fraction of a degree! 


4.” 
$ ‘ 


PERMEATER 


at 


Any production plans you have on the board should 
include equipment for Dowtherm®, the modern heat 


transfer medium for extreme accuracy. 


Dowtherm in the chemical, paint, petroleum, food and 
other process industries provides low pressure, high tem- 
perature heat, extending the advantages of steam type 
heating to much higher temperatures with less expensive, 
thinner-shelled equipment which requires less space, too. 
The operation of your process is simplified, yielding 
savings in time, materials and equipment. From one Dow- 


therm installation comes the report of complete elimination 


of forced shut-downs and a 50% reduction in operating costs! 
This is not unusual, but the general rule for those who 
take a long-range view of their heating problems in plan- 


ning new facilities. 


Investigate this unusual liquid material used as a vapor 
heating medium and the benefits it can bring to your 
processing operation. Make sure your plant is equipped 
for the highly competitive markets of the future . with 
the really modern heating medium. For complete in- 
formation on Dowtherm heating, write THE DOW CHEMICAL 
company, Midland, Michigan, Dept. DO 3-7. 


you can depend on DOW CHEMICALS 
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% Proportioneers’, Heavy Duty Chem-O-Feeder is built 
in three basic models, having one, two, or three measur- 
ing chambers, each of which is adjustable independently. 
These easy-to-install, easy-to-operate chemical proportion- 
ing pumps are specially engineered to provide the utmost 
in dependability under all operating conditions. 
Whatever your chemical feeding problem, %Propor- 
tioneers% equipment and engineering knowledge are 
ready to help. The %Proportioneers% line includes the 
widest range of chemical feeding and water treating 
equipment: manually adjustable, constant-rate feeders; 
Pur-O-Cel Diatomite Filters; flow-proportional, automatic 
feeders. Consult your telephone 
directory for our nearest representa- 
tive or write direct for new Bulletin 


1225-1. 


HEAVY DUTY CHEM-O-FEEDER 
SPECIFICATIONS: 

* Feeding rates 0.2 to 57 gallons 
per hour. 

e Discharge pressures to 100 lbs. 
per square inch. 

® Suction lifts up to 20 ft. 

e Diaphragm type measuring 
chamber with molded re- 
inforced “looped” diaphragm. 

e Famous “See-Thru” molded 
plastic measuring chamber 
suitable for feeding most treat- 
ing chemicals. 

* Roller or ball bearings on all 
rotating shafts. 

e “Oil bath” lubrication. 

e Drive Motor — standard frac- 
tional horsepower general 
purpose. 
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Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 


April, 1953 


| chemical feeding proficiency 


THE STUDENT AND THE A.1.CH.E. 


Mm practicing chemical engineers are aware that the pro- 
fession has been growing rapidly in numbers, particu- 
larly since World War II. Not so generally recognized is 
the fact that the present membership of A.I.Ch.E. is not 
much larger than the chemical engineering enrollment in 
colleges. In fact, in two years the colleges graduate about 
as many chemical engineers as the present number of Junior 
members in the Institute 


Various committees of the Institute have been working on 
the idea of arousing the interest of young graduates in 
A.L.Ch.E. so that the society truly represents the entire pro 
fession of chemical engineering. Until recently membership 
in the Institute developed largely as a result of initiative on 
the part of the prospective member. That this procedure has 
not been adequate is shown by the fact that only about one 
out of ten graduates has sought membership in the first year 
atter graduation and less than twenty-five per cent have 
joined the society at any time during their careers 


Many years ago the Institute sponsored the growth of 
student chapters in departments of chemical engineering in 
various universities of the country. These have grown in 
number to approximately 100 chapters. In the institutions 
having student chapters about three quarters of all graduating 
seniors belong to such student groups. What needs to be 
done to encourage these men to continne their interest in 
the Institute after graduation ? 


It is probably fair to say that until rather recently th 
student chapters had not felt strong ties to the parent organi 
zation but rather had conducted their affairs as local campus 
groups. The recent introduction of Student membership in 
the national society, the growth of student regional meetings, 
and the introduction of methods for more ready transfer to 
Junior membership have all been of assistance in making the 
student cognizant of the activities of the Institute. Student- 
chapter counselors and other staff members are attempting 
also to do more to develop an understanding of the place of 
the Institute in the chemical engineering profession. Even 
so, the results, although encouraging, are certainly not yet 
satisfactory. 


With the rapid growth of local sections of the Institute 
throughout the country in recent years, there is now available 
another potentially strong force to aid in developing the 
professional awareness of students. A number of local sec- 
tions have taken several student chapters under their wing. 
and have shown a real interest in the activities of the younger 
men. 


All local sections were asked recently to work with near-by 
student groups and to set up student-activity committees to 
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Opinion and comment 
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act as a haison between the local section and the student 
chapters 


Phis assistance will be at its best, of course, when 
itis given treely and with real enthusiasm and not considered 
isa necessary evil, will undoubtedly take on various forms 
depending on the local situation, but certainly can include 
suggestions in the selection of speakers, guidance in_ the 
pros and cons of various fields of chemical engineering, aid 
in setting up good plant trips, and development of a feeling 
of comradeship and common interest 

Probably more than any other group of the Institute, local 
sections can influence prospective chemical engineers in their 
The future of the Institute depends 
on how thorough a job is done in 


professional development 
howing these men not only 
that their professional society is of valuable assistance in their 
careers, but also that it demands responsibility and service on 
their part. This is a difficult task in these days of 
init for me?” 


“what's 


It is clear that the assistance given by the local sections to 
student chapters should be titted to local needs. In some 
metropolitan areas, there is little difficulty in obtaining suit 
able speakers for chapter meetings, whereas in some localities 
it is difficult, even for the nearest local section, to help with 
the problem, It is also true that care must be taken not to 
try to direct the activities of the student chapters, but rather 
The relationship be 
tween the local section and the student group should therefore 
he fostered to achieve the best results 


to offer assistance where it is needed 


There are several ways in which the local sections can 
assist with suitable speakers. One of these is to obtain the 
services of local-section members who are willing to speak 
on some phase of chemical engineering. In other cases when 
local-section members are visiting the lecation of the student 
chapter for business reasons, they can and should make ar 
rangements to meet with the Student members. Sometimes 
it is possible to enlist the services of outside speakers who 
are to be in the locality either on business or to talk before 
other professional groups. Such procedures are just as effec- 
tive and much to be preferred over any attempt to set up a 


national speakers’ bureau for the student chapters. 


Each local section will tind its own way in which it can 
Methods which 


are workable in one locality will not necessarily be practical 


be of real assistance to the younger men 


in other areas, and hence each section should use procedures 
adapted to the local needs. 


It is hoped that the local sections will all take on this re 
sponsibility and aid in the development of a professional 
attitude in the young chemical engineers by working with 
them in the most impressionable vears of their careers 


Cart C. Monrap 
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for greater efficiency ... 


SADDLE PACKING 


INTALOX — the uniquely different “saddle” tower 
acking — gives higher flow capacities, lower costs, 
and greater efficiency in virtually any type of diffu- 


ional operation. 

psn packs with greater randomness than any 
towes packing available. Its non-symmetrical design 
is such that he two pieces can fit exactly one into the 
other. Uhus there is no “nesting”, minimum 
possibility of blocked flow, complete freedom from 
pronounced ¢hanneking. 


The elimination of patyern packing not only means 

more free space, ‘but a greater surface area accessible 

to liquor and gas. 

Early tests which indicated Intalox had a 3007-3507 
% higher flooding 


tiated by users’ reports. In\¢ 
Raschig Rings, Intalox is s 


costs; reducing blower and pumping equipment 
requirements; reflecting increasing dndications thy 
substantial savings in construction costs, through re 
duction in tower sizes are definitely practidal. 
\ INTALOX 
” 
Intalox is currently available in 42”, $4”, 1” aad 
sizes in eithe ite chemical porcelain or chemical ' 
sizes in either white c pe chamice © Gr 
stoneware, ® More Accessible 


A request to Process Equipment Division, The U. § e urfaces 
ter Free Space 


Stoneware Co., Akron 9, Ohio, will bring samples and @ Lower Pressure Drop 
technical data quickly. @ Higher Floodi 
Limits 
Low Side 
© Low Weight 


U.S. STONEWARE 


AKRON 9, OHIO 


MANUFACTURERS AND FABRICATORS 
OF CORROSION RESISTANT MATERIALS 
SINCE 1865 
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Mixing=— Present Theory and Practice 


J. H. Rushton 


HMlinois Institute of Technology, Chicago, Illinois 
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J. Henry Rushton, the 1952 winner of the William H. Walker 
Award, is professor of chemical engineering, Illinois Institute 
of Technology, Chicago, Ill., and director of research, Mixing 
Equipment Co., Rochester, N. Y. Professor Rushton is a gradu- 
ate of the University of Pennsylvania where he received both 
his B.S. and Ph.D. degrees. Before assuming his present posi- 
tion, he taught at the Drexel Institute, University of Michigan, 
and University of Virginia. During World War Ii he served 
as a technical aide and section chief with the Office of Sci- 
entific Research and Development. Dr. Rushton has been 
active in Institute affairs—he has served on many committees 
including the Education and Accrediting, Student Chapters, 
etc., and was elected a Director of the Institute in 1951 for a 


three-year term. 


J. Y. Oldshue is head of development engineering for the 
Mixing Equipment Co. He has been engaged in fundamental 
and applied research in fluid mixing since going to Mixing 
Equipment Co. in 1950. He did graduate research in mixing 
at Illinois Institute of Technology prior to that time. Dr. Old- 
shue received his B.S. (1947), M.S. (1949), and his Ph.D. 
(1951) from Illinois Institute of Technology. During the war 
he was employed at the Los Alamos Scientific Laboratories, 
Los Alamos, N. M. At present he is serving as chairman of 
the Agitation Sub-Committee of the Equipment Testing Pro- 
cedures Committee, A.I.Ch.E. 


PART | 

A’ chemical processing involves the 

mixing or interpenetration of one 
substance with another. Thus, the mix- 
ing of liquids with solids, gases, and 
other liquids is of major importance. 
This presentation deals only with the 
mixing of fluids of relatively low viscos- 
not the 
pastes or of solids with solids or gases. 


ity and does cover mixing of 
Many methods have been used to pro- 
mote mixing, the most common of which 
is to move the fluid with a rotating im 
peller; the principal forms of impellers 
are the marine-type, various radial flow 
turbines, and simple flat paddles. 
Although mixing is 
operation, little concerted effort has been 
made until recently to understand its 
basic nature and how best to promote it 
for specific requirements, Hiistorically, 


a commonplace 


the operation of mixing usually was of 


minor from a cost stand- 


point, either for equipment or for oper- 
ation. Mixing is accomplished often in 


mnportance 
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in which another 
and in the past these 


a contamer operation 
is taking place, 
other operations usually were the most 
costly or \ttempts to 


measure mixing have for the most part 


critical ones 


been intimately connected with some 


particular 
oxidizing, 


process such as dissolving, 


extracting: and no com 


mon criteria for mixing were evident. 


Furthermore, mixing will take place ul- 
timately between various components by 
normal diffusion processes; hence, mix 
ing is imposed only to hasten the desired 
interpenetration. Such forced inte rpene 
tration can be used also to control con 
centrations and concentration gradients 
either of material or heat; accordingly 
as chemical processing has become mors 
demanding of control both for batch and 
continuous systems, more attention ha- 
been given to the operation of mixing 
Further, the translation of 


bench-scale work to pilot plant to large 


laboratory 


size production depends in large meas 
ure on reproducing the same environ 
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J. Y. Oldshue 


ment with respect to mixing at the var 
therefore 
itself and 
as specifically affecting one or an 


It is Hnperative 


stages 
that mixing be understood of 
not 
other particular process 

The most fruitful approach to an un- 
derstanding of mixing of fluids in all of 
been by applying 
the ideas and principles of fluid mechan 


its ramifications, has 


ics. Mixing is and im 
fluicls, 
diffusion and fluid motion 
ot fluid 
numerous applications to the different 


transter, 
function of 
The 


helpful has 


nmiass 
mass transter is a 
mechanics 
problems of mixing 

Convection currents of molecular spe 
motion by 4 


cre will be set in itural 


diffusion, and in fact such motion may 


control a reaction rate. Foreed convec 
tion may be imposed whenever the na 
tural diffusion and convection rates are 


Forced 


increased mass mo 


than desired convection 


may result in eithet 


less 


tion, or m turbulence, or in both: it is 


produced either by the appheation ot 
mechanical (through a mixer) 
heat still 
Thus, there are two principal actions of 
fluid 


mixing operation : 


energy 


on by energy (as m a pot) 


which are mbherent in a 
(1) the 
croscopic motion or translation of mate 


motion 
OF Tht 
resulting im a 
major flow pattern, and (2) the small 


rial over large distances 


scale motion commonly 
associated with turbulence and transla 
tion of material over small distances 

The large majority of all liquid mix 
rotat 


These impellers cause li 


ing Operations are carried out by 
ing impellers 
quid to move, and in so doing effect 
mass flow and turbulence. The amount 
of flow and turbulence are functions also 
of the fluid properties and the physical 
position of all things touching the liquid 
\ knowledge of the 


impeller, fluid, container 


interaction of each 
is the basi 
nuxing and 
of applications ot machinery to bring 
it about 


of our present theories ol 


Flow Pattern 


For a brief review of the 


mass motion of fluid resulting from th: 


gross or 


use of rotating mixing impellers in ver 


tical axis, cylindrical tanks (the pre 
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SIDE VIEW 


Fig. 2. Right, fluid flow pat- 
tern for propellers when bof- 
fles are used; axial flow 


pattern. 


BOTTOM VIEW 


Fig. 3. Below, flow 
pattern, propeller, 
top-entering, off-cen- 
tered; position for 
counterclockwise rota- 
tion. t 


(|| “> 


ferred arrangement) see Figures 1-5. 
Many diagrams have appeared in the 
literature purporting to represent flow 
motion by various arrangements and im- 
peller shapes. Those shown in Figures 
1-5 are drawn on the basis of consider- 
able photographic and visual evidence, 
and form the basis for classification of 
impellers (24). Furthermore, the power 
characteristics of impellers can correlate 
directly with the three principal flow 
patterns shown (24). The illustrations 
given here are typical of most mixing 
operations. There are many variations 
in the use of baffles, impellers, and tank 
fittings (2, 24). 


Figure 1 illustrates the flow pattern for a 
single impeller of any shape—a marine propeller, 
a flat paddle, or a flat blade turbine (Fig. 6)— 
rotating in a low-viscosity liquid in a cylindrical 
tank without baffles. A vortex is formed around 
which the liquid swirls. The liquid moves in 
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SIDE VIEW 


BOTTOM VIEW 


large circular paths, there is little motion from 
top to bottom, and in fact this motion often re- 
sults in separation or stratification rather than 
mixing. Further, as impeller speed increases, 
more power must be applied to cause rotation, 
but the vortex becomes deeper at higher speeds 
until the vortex touches the impeller. When this 
happens, part of the impeller rotates in air or 
other gas, and power decreases. Thus, there is 
an upper limit to the ability to impose power 
for mixing under these conditions. For these 
reasons, an impeller is rarely used in the posi- 
tion shown, except for high-viscosity liquids (e.g., 
more than 20,000 centipoise) because they have 
sufficient internal resistance; they show little if 
any vortex motion; and the flow motion ap- 
proaches that of Figures 2 and 5. If a propeller 
is placed too close to the bottom of a tank, the 
flow becomes radial like that shown in Figure 5. 

The use of baffles can be avoided by certain 
“off-center” positions with propellers. Figure 3 
shows a propeller shaft entering through the top 
surface of the liquid. When the propeller turns 
counterclockwise looking down the shaft, and the 
discharge is downward, the shaft is placed to 
the left of the center line and at an angle to 
vertical. The position is a critical one, depending 
on liquid depth and other size factors. Any 
significant change in location of the propeller 
will cause rotary flow similar to Figure 1. Port- 
able propeller mixers and permanently mounted 
ones are frequently used in this way. 

In large tanks propeller shafts can be mounted 
through the side of the tank. To avoid use of 
boffles to prevent swirl, the shaft is placed 
parallel to the bottom and to the left of a 
diameter when the rotation is clockwise. This 
gives a flow pattern as in Figure 4. This position 
is critical just as in Figure 3, but the rotation is 
opposite, although both are at an angle to the 
left of the center line. As yet there is no ex- 
planation for the fact that swirling can be 
eliminated by these off-centered positions and 
directions of rotation. The positions do result, 
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however, in axial flow for a propeller. These 
positions also result in flow patterns equivalent 
to those obtained with baffles present. 

A turbine (Fig. 6) or a flat paddie, when 
rotated in a tank without baffles, gives circular 
flow (Fig. 1), but when boffles are used the 
flow becomes radial. Hence, they are radial-flow 
impellers only when baffles or other obstructions 
ore present, or when liquid viscosity is high. 
Figure 5 shows the flow pattern for the case 
when baffles ore used at or near the side wall 
of the tank. This flow pattern is conducive to 
good mixing because it promotes lateral- and 
vertical-flow currents, ond allows application of 
large amounts of power. 

Figures 2-5, forming the basis for this dis- 
cussion, are examples of flow patterns conducive 
to good mixing, and of best present practice. 
Many variations in tank shapes and fittings are 
used. Bottoms are often dished-out or conical, 
and heating and cooling coils or tubes are 
present. Discussions of the effects of such con- 
figurations are given elsewhere (2). 


The mass-flow patterns just described 
are used to circulate liquid laterally and 
vertically throughout the vessel. Turbu 
lence existing in the stream emerging 
from the impeller and generated during 
liquid flow is carried along in the pri 
mary or major mass-flow pattern. Both 
mass flow and turbulence are necessary 
for mixing, but some process applica- 
tions require relatively more of one or 
the other. The mechanism of formation 
and propagation of turbulence in a mix- 
ing operation is the basis for modern 
theory and of sound mixing practice. 


Mechanics of Moving Fluids 


The following is a brief review of 
certain theories of modern fluid mechan- 
ics which have direct bearing on mixing. 
Detailed background and derivation of 
many of the relationships shown here 
can be found in (17, 18). 

The behavior of moving fluids de- 
pends on density, viscosity, velocity, and 
distance. In this discussion, density will 
be considered as constant. Distances 
will be used as lengths in a three-co- 
ordinate system, with the conventional 
axes, x, y, and zs. Distances are used 
also to show a length of travel, and as 
the basis for a gradient. Viscosity 1s 
that property of a fluid which gives rise 
to internal stress (shear stress +) oppos- 
ing deformation of a fluid mass. Veloci- 
ties are vectorial and give the ratio of 
distance to time. Effects of viscosity 
and velocity are of major interest. 


Velocities 


A fluid mass flowing along a stream 
line at constant velocity has an average 
velocity equal to that of the instantan- 
eous velocities at all points on the path. 
Such flow occurs only during viscous or 
laminar motion. A fluid mass may move 
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along a stream line with different instan- 
taneous velocities at successive points 
along the line. Thus, if v signifies an 
instantaneous velocity, v” is used to indi- 
cate a velocity fluctuation, and @ is used 
for the temporal mean velocity, *hese 
velocity vectors are related by 


{1) 


Figure 7 is a plot of velocity measure- 
ments made of a turbulent flow as it 
passed a reference point moving in the 
direction x. The ordinate is the instan- 
taneous velocity v and the abscissa is 
time. Illustrative values of @ and 7 are 
shown on the plot. Flow as indicated in 
Figure 7 is typical of turbulent flow. 
Velocity fluctuations are both positive 
and negative in sign and direction and 
must average zero algebraically. How- 


, 


ever, the r.m.s. values (YY 77) can be 
used to eliminate the change in sign and 
give significance to the deviations of 7” 
and @. When a velocity fluctuation in a 
moving body of fluid occurs along an 
axis 2, it is accompanied by a fluctua- 
tion along both the y and z axes. If the 
fluctuation is positive along one axis, it 
may be positive along another axis, but 
must be negative along the third axis. A 
complete picture of velocity fluctuations 
can be given in terms of the three planes 
r-y, y-s, and Experiments have 
confirmed the fact that 7,’, v,’, and v.’ 
are related quantitatively in each of the 
three planes. Ratios of the form 


(2) 


for the x-y plane can be written for all 
three planes. Since 2” is a characteristic 
of turbulence, it is clear that turbulence 
is not random but is dependent upon 7/ 
in all three planes and that they are 
interrelated. 


Viscosity and Shear Stress 


Dynamic viscosity is defined as the 
ratio of stress to the rate of fluid de- 
formation. For the x-y plane, 


and shear stress r due to viscosity is: 


dv 


3 
dy (3) 


The deformation shown here is in 
terms of change of instantaneous veloc- 
ity with distance at right angle to the 
velocity, dv /dy. Actually, the deforma 
tions which occur in a small fluid mass 
over which there is a velocity gradient 
are of two types; linear deformations, 
and angular deformations; that is, the 
sides of the mass elongate or shorten 
with all sides remaining parallel, or, the 
sides may move so that the angles be- 
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Fig. 4. Flow pattern, propeller, side-entering, off 
centered; position for clockwise rotation 


st 


~ 


SIDE VIEW 


BOTTOM VIEW 


Fig. 5. Flow pattern for turbines with baffles; 
radial flow pattern. 
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tween the sides become different. In 
addition to these deformations, it should 
be noted that the fluid mass may also 
move in simple translation from one 
point to another without deformation, o1 
it may rotate around one point in its 
body due to the couple effect of the 
forces at the sides of the mass. 

Equation (3) may also be written in 
terms of averages or of fluctuations by 
using 7 and @, or 7’ and 7”. The dynamic 
viscosity w is known to depend on den- 
sity, velocity, and mean free path ot 
molecules, but is independent of the state 
of motion of the fluid (laminar or tur- 
bulent). 


Laminar Motion and Turbulence 


Figure 7 is a typical trace of turbu 
lent flow of liquid flowing past a point 
in space. The dashed line corresponding 
could be thought of also as a plot 
tor 


to 7, 


of instantaneous velocity viscous o1 
laminar flow. A basic question in fluid 
mechanics concerns the stability of lam 
inar motion and under what conditions a 
flow will become unstable. Recent quan- 
titative measurements of turbulence con 
firm the basic theory that viscosity, ve- 
locity, and frequency of velocity fluctua- 
tions are interrelated. A disturbance of 
whatever cause, that results in a velocity 
fluctuation v 
of fluid from one instantaneous velocity 
to the next, 
the Reynolds number has significance as 


must cause an acceleration 


since 7” Itlence, 
a ratio of accelerative force to viscous 
force. The Reynolds number therefore 
can be used as a criterion of flow sta- 
bility, and implies that there is a relation 
between shear stress and viscosity which 
will show the limit of velocity gradient 
(in Equation (3) ) above which velocity 
fluctuations will not only occur but also 
will persist. It has been repeatedly de- 
monstrated that for a viscosity 
in steady laminar flow, as 
gradient is imcreased a 
dy will be reached at which 


given 
fluid moving 
the velocity 
value of dz 

fluid deformation will take place and ve- 
fluctuations will occur. These 
fluctuations result in the 
eddies and in transfer of mass and mo- 


lox ity 
formation of 


mentum in directions perpendicular to 
the principal flow. Such flow is turbu- 
lent 
resulting 
maintain velocity gradients sufficient to 
overcome viscosity, the disturbances will 


If disturbances are sed and the 


velocity fluctuations do not 


be damped out and the fluctuations will 
disappear. Therefore, regardless of how 
turbulence may be formed, it will persist 
only if the deformations, or gradients, 
are sufficiently intense to overcome the 
stabilizing effect of viscosity. 

When flow is turbulent it is helpful 
to differentiate between the velocities in- 
volved in the basic flow pattern of trans- 
lation, and the 


secondary movement 
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within the basic flow. The instantaneous 
velocity vector at a point is the vector 
sum of @ and v, @ referring to the basic 
flow and 7” to the secondary flow. 7 
may be thought of as the instantaneous 
velocity of the eddy, and @ as the ve- 
locity with which the eddy moves past 
the point of observation. 


Momentum Transport 


In turbulent motion fluid masses are 
carried back and forth across flow planes 
whenever fluctuations exist. 


When the transported mass adapts itself 


velocity 


to the velocity conditions of its new sur 
roundings the change in momentum will 
equal the product of the fluid density and 
the fluctuations, 7”. The 
force per unit area over which the mo 
mentum transter takes place is equal to 
the the momentum 
transport. transferred in 


velocity of 


stress caused by 
Mass is any 
momentum transfer, and this basic move 
ment of mass is the primary process of 
mixing; it is brought about by the sec- 
ondary flow motion, 

Consider a small mass of fluid flowing 
in the a-y plane across a line parallel 
to the a-s plane. The velocity fluetua 
tion @,’ exerts a normal force in the y 
direction; also a tangential force in the x 
direction is due to v,”. A pressure fluc 
tuation p,’ will exist in the y direction, 
and a stress fluctuation 7’,, will exist in 
the x-y plane. These forces and stresses 
can be formulated as 


, on 
Pa PCy 


= (5) 
They may be written in terms of average 
values, and also in terms of any of the 
coordinate positions. It is evident that 
velocity fluctuations in one plane pro- 
duce mass transport into other regions, 
and that this is accompanied by pressure 
fluctuations. 


Turbulence 


Boussinesq, in 1877, related the total 
shear stress occurring in turbulent flow 
to molecular motion, viscosity, and ve 
gradient by assuming that a 
“molar” or eddy viscosity, », could be 
used in a corresponding way. The con- 
cept has proven to be useful and is for- 
mulated from Equation (3) as 

de 


(6) 
’ dy 


ke city 


The molecular viscosity w is constant at 
all points in a homogeneous fluid, but » 
will vary depending on the turbulence. 
Equation (6) may be expanded to 


de 


(7) 
’ dy 


dy 


Also, the average stress in. turbulent 
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Fig. 6. Flat blade turbine. 


flow must equal the sum of the average 
stresses due to viscosity, and to momen 
tum fluctuations. 
The stress due to momentum transport is 
given in Equation (5). Theretore, by 
the 


transport or velocity 


combining Equations (3) and (5). 
stress in turbulent flow is: 


*turh dy 


ar la, 
Oy 


From Equations (7) and (8) 


di 
d\ 


—pPUy Uy 


dy 

where 7/p is the kinematic eddy viscos 
ity «. This ratio is a direct measure ot 
the transport the mixing 
process by way of momentum transfer. 
Iddy viscosity is therefore a useful in- 
dex for mixing, as will be shown later. 
The dimensions of € are 1.7/7, or Lv. 
and e« has the same units as kinematic 
The ratio of kinematic eddy 


capacity of 


viscosity. 
viscosity to kinematic viscosity, Is 
the Reynolds number Lv/v. 

The Reynolds number is given sig- 
numerous ways, via.: the 
ratio of accelerative, or dynamic, or in 
turbulent 
forces. The concept of eddy viscosity ts 


nificance in 


ertial, or forces to viscous 


simply a “turbulent viscosity,” the ratio 
of a shear stress to a velocity gradient. 
A shear stress may be caused either by 
dynamic viscosity (which is a molecular 
Both can, 
therefore, be expressed in terms of a 
velocity (3) and 
(7), respectively) of fluid motion, 


property) or by turbulence. 


gradient ( Equations 

Further insight to the mixing process 
due to eddy current turbulence was pro- 
posed by Prandtl, who postulated a mix 
ing length /] to be similar to the mean 
free path of molecular motion. He pos- 
tulated a mixing length as that distance 
which a small fluid mass would travel 
before it would give up its momentum 


Chemical Engineering Progress 


Courtesy, Mixing Equipment Co 


to the which it moved. 
Prandtl’s simple concept is useful quali 
tatively, but does not take into account 


the change in / with velocity gradient 


region to 


and position. Developments 


from this concept have led to more rig- 


stemming 


orous relations by which eddy size can 
be related to turbulence. On the assump 
tions that the lateral flow produced by 
an eddy is effective over the distance / 
and are 
proportional, the following velocity pro- 


in the y direction, that 7,’ 


portions can be written 


dt 


« 


7) 


dy 


Experimental data indicate that the as- 
sumptions are essentially correct and, 
therefore, the kinematic viscosity may be 
related most conveniently to an average 
velocity fluctuation and the average size 
! of the eddies by 


Bl \/ 2 


(10) 


The proportionality constant B ts a func 
tion of the fluid and boundary condi 
trons. 

Since € is proportional to LI” in a 
turbulent fluid, and is a measure of tur 
bulence, it is clear that a value 
of « may be the product of a large or 


given 


small value of eddy size, or scale, and 
a small or large eddy velocity, respec- 
tively. Moreover, in a flowing system 
where turbulence is spreading, the scale 
and velocity of eddies is continually 
the 


velocities in 


values of 
Equation 


accordingly 
and 


changing 
eddy 
(10) are over-all averages. 


size 
Some vears ago a jingle appeared in 


the fluid mechanics literature which ex- 
presses the interrelation between eddies 
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i 
| —_ 

but 
ap Pas 

Vet’, 

(4) /dy 

and then 


and Viscosity better than most word pic 
tures. It is: 


Big size whirls have little whirls 
That feed on their veloc ity 

Little whirls have lesser whirls 
And so on to viscosity. 


Entrainment 


and material are trans- 
ported in all directions by the mixing 
turbulence, it follows that 
turbulence will spread in all directions 
in a flowing stream. Not only will rapid 
moving liquid masses be moving into 


Since mass 


pre CESS of 


slower moving zones, but also slow-movy 
ing liquid will be entrained into more 
rapid zones. 
trainment is well illustrated by the flow 
of a submerged fluid jet. 


The phenomenon of en- 


Figure 8 is a schematic diagram of the spread 
of a circular jet in the x-y plane. The jet is 
here flowing into a quiet fluid. Near the boun 
dary of the jet where high velocity flow is ad- 
jacent to low velocity flow (a velocity discontin- 
vity) the dv/dy is sufficient to create instability 
and to initiate turbulence. After this, the tur- 
bulence spreads toword the center of the stream 
and also into the quiet fluid. By momentum 
transfer, material is accelerated at the boundary 
of the flow (where dv dy is sufficiently high) and 
becomes a part of the flowing jet. Velocity pro- 
files across the jet will vary with distance from 
the jet entrance, and at some distance the ve- 
locities will decrease to such a value that there 
will no longer be a sufficiently large value of 
dv dy to cause more entrainment. During this 
entire process, mixing will be proceeding be- 
tween the surrounding fluid and the jet, and 
within the jet. Indeed, the entrainment of fluid 
by this process can be used as an index of 


The spread of a steady-flow turbulent 
jet of 
found to spread at an 
is about 1 Jets 
into) water entram 
approximately as 


lt, for example, a jet entrains liquid for 
40) diameters, the amount of 
trained and mixed with the jet would be 
&.2 QO, where O is the rate of flow at 
the entrance, XV is the distance along jet 
axis, and 7), 
Jets may entrain for distances up to 80 


circular cross section has been 
angle whose slope 
to 5. of water flowing 


surrounding water 


(11) 


water en 


, is the entrance jet diameter. 
diameters, depending on the velocity of 
the jet. 


Diffusion and Mass Transfer 


An interchange of fluid between two 
adjacent zones which results in mixing 
involves the simultaneous interchange of 
all local characteristics of the fluid and 
flow. The rate at 
other properties of adjacent zones will 


which velocities or 


change, depends on the convection ca 
pacity of the cross flow and the differ 
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Fig. 7. Velocity fluctuations in turbulent flow 


NOMINAL BOUNDARY OF THE JET. 


ENTRAINING FLUID 


JET CLONE TER 
MIXING 


“VELOCITY 
DISTRIBUTIC 


FROM HERE ON 


AT B, TOTAL FLOW= 


Fig. 8. Flow of a submerged circular jet. 


ence m characteristics between the two 


zones. The same rates of transfer could 


result: from low-velocity cross-flow 
carrying over a large lateral distance 
or from a high-velocity cross flow cat 
This tol 
lows from the nature of turbulence, and 
the 


product of eddy size and velocity. Thus 


ryving over a small distance 


irom the evidence that turbulence 1. 
a forced-convection diffusion, or mass 
transfer coefficient, will represent a com 
bination of length and velocity. which 
together characterize the 
Mass transfer 
molecular 


pron 


is a combination of 
turbulent 
the 


cipal flow is laminar the transfer coefhi 


diffusion and 


forced convection mixing. It prin 
clent ts proportional to the kinematic 
viscosity of the fluid, and if the flow is 
highly turbulent the transfer coefficient 
hecomes proportional to the kinematic 
The turbulent 
transfer, will usually be 


eddy rate ol 


diffusion, or 


Viscosity, 


large compared to molecular diffusion 

For the characteristic of momentum 
the mass-transfer 
shear for laminar flow is 


equation involving 
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d( pi) 
‘ 
and tor turbulent tlow 


dpi) 
dy 


In terms of mass transfer for turbulent 
flaw 
de 
dy 
where Wows the 


de/dy is the concentration 


rate of transport, and 


Dissipation of Energy During Flow 


\ continuous deformation of a mov 
ing fluid is opposed by viscous stresses, 
and the 


ergy is supphed to overcome the viscous 


motion can only continue if en 
resistance, Such a process, therefore, in 
volves the continuous transformation of 
mechanical energy into heat. It has also 
been shown that kinetic energy of flow 
can be converted to heat only through 
developed in linear and 
angular deformations. 

In turbulent flow 


viscous shear 


the viscous stresses 
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within the eddies are the means by 
which mechanical energy is transformed 
to heat. The rate of dissipation of en- 
ergy depends upon the dynamic viscosity 
and the intensity of turbulent eddy mo- 
tion. It follows that the dissipation of 
turbulence is through viscous action. 

The energy in a flowing stream can 
be expressed as rate of energy, or power, 
and may be formulated as 


P= OH (12) 


where P may be in foot pounds per sec- 
ond, Q, the flow, in pounds per second, 
and #7, the total head against which the 
mass flows, in feet. For one pound flow 
ing per second, the equation reduces to 
one of heads alone, and 


H FA + Hoye. +H 


waure potential 


(13) 
The kinetic head is often called a veloc 
ity head, but if the average velocity of 
flow is used to calculate the kinetic head, 
as @*/2q, it will represent the kinetic en- 
ergy of flow in the x direction only, and 
will not take into account the kinetic 
energy of turbulence in the secondary 
flow. Thus, include that 
due to the average velocity and that due 
to the eddy velocity, or 


must 


AA pinetic | (14) 
2q 2g 
In cases where fluid is not elevated (as 
in most mixing operations), Hporentiat 
0, Equation (13) can be written: 


v2 
v= 2 


HH (15) 


Ihe kinetic energy head of the mean 


flow can be determined readily from 
measurement of flow O since @ = O/yA 
where y is specific weight and A is the 


area through which flow. takes place. 
But it is difficult to determine the value 
of the kinetic energy of the turbulence, 
because eddy flow cannot be measured 
and @ is difficult to determine. If the 
pressure head can be measured, then the 
value of v’*/2g can be approximated by 
the difference in Equation (15). 

Energy in turbulent flow can be dis- 
sipated only by viscous shear (and wall 
friction) within the eddies. Therefore, 
if eddy turbulence is maintained, it must 
be at the expense of the kinetic energy 
of the main flow and by the pressure 
gradient. The energy of turbulence can 
never be restored to the kinetic energy 
of the principal flow 


Similarity Concepts 


A useful tool in fluid mechanies analy- 
sis is that of similitude, and it is of 
significance in 
There are three types of similitude; 
geometric, kinematic, and dynamic. 
Geometric similarity refers to linear di- 
mensions, and two systems are said to 


considerable mixing. 
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be geometrically similar when the ratios 
of corresponding dimensions in one sys- 
tem are equal to those of the other 
system. Kinematics refers to motions, 
and two systems are similar in motion 
when they are geometrically similar and 
have the same ratio of velocity vectors 
for corresponding points in each system. 
Dynamic similarity is achieved when 
two systems are geometrically similar 
and kinematically similar, and also have 
all force ratios equal for corresponding 
points in the two systems. 

Use of the similarity concept has al- 
lowed correlation of fluid properties, 
motions, sizes, and forces to be related 
systematically in mixing operations (19, 
24). Furthermore, it forms the 
for relating action in a small system to 
that in a larger system, and orients la 
boratory and pilot plant experiments 
with scale-up problems (20). 


basis 


Mechanics of Flow in Mixing Tanks 


Flow motion in a mixing tank as illus 
trated in Figures 2-5 is produced by 
rotating impellers running openly with 
out casings, and the feed and discharge 
streams are free to move without close 
The final 
principal and secondary motions are de- 
pendent primarily on the impeller shape, 
speed, and location; on the fluid density 
and viscosity; 


fitting solid-guide surfaces. 


and on the physical con- 
figuration of the tank and its fittings. It 
is usually desirable to provide conditions 
such that the principal flow pattern pro- 
vides lateral- and vertical-flow currents 
extending to all portions of the con 
tainer; one of the tvpes in Figures 2-5. 
requirements are 
such that modifications of these flow pat 
Such a case might 
arise in mixing light solids which are 


Sometimes process 


terns are desired. 
difficult to wet. By allowing the surface 
funnel 
can be simulated, down which the solids 
will be directed to the impeller. Such a 
vortex can be provided by placing the 
top of the baffles below the liquid sur- 
fact, 
i centrifugal separating effect 
provided by rotary motion is desired, 
modification of the extremes of flow pat 
tern such 2 (or by 


to swirl and vortex slightly, a 


face. In whenever the effect of 


swirl ot 


as Figures 1 and 2 
changing the amount of off-centering in 
Figs. 3 and 4) can be made. In general, 
however, these modifications are excep- 
tional and do not constitute the large 
majority of mixing-equipment arrange- 
ments. Occasionally, draft tubes are 
used to confine and direct the feed to 
the inlet of impellers, but their use is 
not often necessary. The feed to open- 
running impellers is from any direction 
involving the resistance to 
flow, whereas the discharge flow is well 


minimum 
directed and guide tubes are rarely used 


to direct discharge flow. 
Because of the free-feeding nature ot 
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mixing impellers and the unhampered 
discharge streams, the mechanics of the 
secondary motion of turbulence and the 
energy necessary to produce both the 
primary and secondary motions are of 
prime importance in mixing. To bring 
about mixing, work must be done to pro- 
duce the two flow motions; the power 
required to provide such flows has been 
evaluated for the types of primary mo- 
tion shown in Figures 1-5 for a wide 
variety of impellers, fluids, and tank con- 
ditions. Some data are available for the 
quantity and velocity of flow from mix- 
ing impellers and there is some informa- 
tion on the amount of turbulence and 
where it is formed (27, 29). 


Power Characteristics of Mixing Impellers 

Comprehensive data on the interrela- 
tion ot impeller speed and diameter, fluid 
density and viscosity, and physical con- 
figuration of the tank and fittings, and 
the power necessary to move the im- 
peller have been published (24), and 
basic theory pertaining to the correla- 
tions is covered in the literature cited 
Figure 9 is illustrative of the correla 


tion between Reynolds number and 


power number. The Reynolds number 
ior mixing is based on impeller diameter 
D, speed of rotation, V, and on the vis- 
cosity and density of the liquid; it is 
formulated as (D*Np/p). 
number is based on the same properties, 
ind is formulated as (Pq,/pN8D). A 


logarithmic plot of 


The powe! 


the power number, 
Np, and the Reynolds number Np, give 
curves like that of line ABCD when 
there is no swirl or vortex in the liquid, 
and curves like line ABE when vortex 
exists. Actually, line ABE can be gen 
eral only when the Froude number 
(DN*?/q) is used (19, 24). 

The line AB of Figure 9 is indicative 
of viscous-type flow, and exists at low 
Reynolds numbers where viscous forces 
dominate flow. As Reynolds number in 
creases, a transition region appears as 
shown between points B and C, and be- 
tween C and D the turbulent forces pre 
dominate in the flow. The region be- 
tween C and D is that wherein the tur- 
bulence is fully developed. From such 
correlations the following general equa- 
tions were derived: 

For conditions of viscous tlow, curve 
ARB, 


(16) 
and for fully developed turbulent flow, 


K 
P p\ (17) 


Equations are not given here for the 
transition range or for conditions like 
curve BE, because the slopes are not 
constant and the equations have little 
practical value. 

The constants A of Equations (16) 
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and (17) are different. Also, the con- 
stants are dependent on the impeller 
shape and all physical boundary condi 
tions. Values of K are given in Table 1 
ior both equations for a variety of im- 
pellers (24). The impellers are for ro- 
tation on the center line of a vertical 
cylindrical tank, flat bottom, liquid depth 
equal to tank diameter, impeller diameter 
one third of the tank diameter, and the 
impeller one diameter above tank bot- 
tom, and four baffles each one tenth of 
the tank diameter at the side wall. 
Off-centered propellers as shown in 
Figures 3 and 4 have the same values | 
of A as when the four standard baffles 10° 10° 
are used. The correlations cover a wide Log o*Np 
range of sizes and the constants can be # 


used for dimensionally similar systems 


FOR CURVE-ABCD-NO VORTEX PRESENT @ = 2. 


of all sizes encountered in industrial 
mixing operations. For example, data 
for the value of A for fully developed 


Pg on® -n 
FOR CURVE -BE- VORTEX PRESENT 
turbulence for the standard flat blade 


turbines of Mixing Equipment Co., were Fig. 9. Typical power characteristics of a mixing impeller 

determined from turbines from 4-in. to 

48-in. diam., and have been verified for 

larger sizes. 
Values of K will vary with boundary 

and other shape changes Values of K 

for other impeller positions and = var 

iables are also available (77, 24). TABLE 1.- DATA FOR POWER CONSUMPTION OF MIXING IMPELLERS (24) 
Power alone is not an index to mix 

ing, however the emhiciency or cost ol Valves of K 


mixing must ultimately be compared on Eq. (16 Eq. (17) 


. SIS or enerey nd 
the basis of power or energy expended sida Redicieas 


Hence, a comparison of mixer perfor 
mance must be made on the basis of Propeller 3-blade, pitch diameter 41.0 0.32 
power. Therefore, it is important to — Propeller 3-blade, pitch = 2 diameters 43.5 1.00 
know the interrelations between power, Turbine, flat blade (Fig. 6), 4 blades 71.0 630 
size, and impeller speed, and the quan- — Turbine, flat blede 6 blades .... 71.0 6.30 
tities and velocities and turbulence in Turbine, flat blade 8 blades 
mixing streams. Fan Turbine, blades at 45°, 6 blades 70.0 1.65 
For fully developed turbulent flow, Shrouded Turbine, Stator ring’ 172.5 1.12 
Equation (17) states that for a given — Flet paddles, 2 blades sinale paddle), | 43.0 2.25 
fluid the power is proportional to the — Flat paddles, 2 blades w 6* 36.5 1.60 
cube of the speed of impeller rotation Flat paddles, 2 blades D W €* 33.¢ 1.15 
and the fifth power of diameter. There Flat paddles, 4 blades, D W 6° 420 2.75 
fore, at constant power Flat paddles, 6 blades, D W = 6* 71.9 3.82 
‘ tal (18) In cylindrical tank, four boffles each 1/10 tank diam.; impeller 1/3 tank diam.; impeller 1 diam 
D, 5 Pl (19) above flat bottom, liquid depth equal to tank diameter, impeller shaft vertical and at centerline 
where the subscript r refers to the ratio of tark. Data for flat paddles, marked by asterisk, are calculated from Mack (14) 
at conditions 2 to 1. Effect of change of variables (24) 


For example, for constant power an 
impeller of twice the diameter must ro 
tate at a spe ed of \ », SUK h that the speed 
ratio V./N, from Equation (18) will 
be (1%)! or 0.315. In other words, 
the new speed will be 31.50 of the speed 
of the smaller impeller. This is strictly TABLE 2.—TYPICAL RELATIONS BETWEEN IMPELLER AND FLOW VARIABLES 
correct only for geometric ally similar Example: Table shows that at constant power H, N,", of D,* 
systems. However, the ratio of impeller 
to tank diameter 1)/T has little effect 
on power over rather wide ranges of At Constant Pp. D. 
D/T (24), hence, Equations (18) and 
(19) are approximately correct when 


At constant diameter, P, N, 


P N, 
the size of impeller is changed in a 
constant-diameter tank 
Equation (12) states the relation be 
tween power, flow, and total head. In 
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tional to turbulence, it is clear that in this “ dynamic viscosity at temperature of C. W., Section on Mining, “Encyclopedic 
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Notation 

Any consistent set of units may be used; some 
are given here for illustration in foot, pound, 
second, degrees Fahrenheit, and mole units. 


2. Bissell, E. S.. Hesse, H. C., Everett, H. J., 
and Rushton, J. H., Chem. Eng. Progress, 
43, 649 (1947). 

3. Boutros, R. D., Ibid., 48, 211 (1952). 


Chemistry,’ Vol. Ill, Chap. 3, by Rushton, 
J. H., Interscience Publishers, New York 
City (1950). 


Part I! will be run in an early issue. 
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Atomization by Centrifugal Pressure Nozzles 


Part | 
ees involving the atomization of 


liquids play a significant role in chem- 
ical industry. Spray drying, spray cool- 
ing, and spray absorption are a few not 
able examples. In most spray operations, 
equipment performance is influenced to 
a large degree by the spray characteris 
tics of the atomizer. To date only frag 
available 
cerning the relationships between thes« 
characteristics the 
ciated with atomizer design and opera 
tion. 


mentary mtormation 1s con 


and variables asso 


The characteristics of an 
of usual interest are 


tribution, (2) 


atomizer 
(1) drop size dis 
(3) 


power re 


distribution, 
(4) 


spray 


atomizer capacity, and 
quirements. 


The dlis- 


persing liquids into a finely divided state 


more common devices for 
include pneumatic or two-fluid atomiz- 
ers, spinning disks, impact-type nozzles, 
and jet and centrifugal pressure nozzles. 

This study was made to correlate the 
spray characteristics of centrifugal pres- 
sure nozzles with their principal design 
and variables \ tests 
were made to observe the effect of liquid 
Viscosity upon drop-size distribution. No 
other liquid properties were studied. At- 
tention was given to methods of deter 


operating few 


mining and representing drop size and 
drop-size distribution. Such data are im 
portant in determining the time of dry- 
ing and product characteristics in spray 
dryers, the effectiveness of combustion 
in engines and burners, and the rates of 
reaction and absorption in spray towers. 

The principal factors of nozzle design 
which influence the spray characteristics 
are: (1) the orifice size which influences 
nozzle capacity and the film thickness 
of the liquid, and (2) the tmternal con 
struction of the nozzle which influences 
the magnitudes of the velocity compo- 
nents and hence the degree of atomiza- 
tion. Thus, the principal factors of con 
cern in this study were the structural 
features of the nozzle which affected the 


R. W. Tate is now associated with the Standard 
Oil Development Co. (Dev. Div.), Linden, N. J. 
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A study was made of centrifugal pressure nozzle atomizers to develop 
quantitative performance data on spray distribution, drop-size dis- 


tribution, and capacity for a range of pressures, orifice diameters, and 
spray cone angles. Mean drop size, drop-size uniformity, and cone 
angle were correlated empirically with the liquid tangential and 
vertical velocities, and the orifice diameter. Results showed the im- 
portance of a tangential velocity component in producing atomization 
and appreciable cone angles. 


A comparison of the drop-size distributions for sharp-edged and round- 
edged orifices was made. Irregularities in orifice shape were found 
to have a marked adverse effect on uniformity of spray pattern. An 
increase in the number of inlet passages in a whirl-chamber-type 
nozzle improved spatial uniformity but decreased cone angle. A 
maximum cone angle was achieved when these inlets were tangential 
with respect to the whirl-chamber wall. 


A preliminary study of the effect of viscosity showed that an increase 
in liquid viscosity for a given nozzle at constant capacity increased 
the mean drop size until a viscosity was reached at which atomization 
no longer occurred. 


vertical and tangential velocity compo 
nents of the liquid. 


spray cone angle was approximated by 
the ratio of the tangential velocity to the 
vertical velocity (measured at the ori 
fice) 


Previous Work and General Considerations 


Doble (6,7) developed empirical for 
The atomizing ability of centrifugal 


pressure nozzles is determined by inter 
nal design features. Cone-shaped spray: 
are obtained only if the liquid is given a 
tangential or vortical motion within the 
nozzle. When spiral grooves are used to 
do this, the tangential component and 
hence spray cone angle, will be increased 
by a reduction in groove pitch or by a 
reduction in groove cross-sectional area. 
In a so-called whirl-chamber-type noz- 
zle, the liquid is given a spinning motion 
by flowing through set at an 
angle to the chamber. Harvey and Her 

mandorfer (9), in a mathematical analy 

sis of the flow of liquid in these nozzles 
concluded that the tangent of half the 


inlets 
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mulae relating capacity and cone angh 
to the internal specific 
centrifugal nozzles, and he reported that 


dimensions of 


cone angle imereased with orifice dia 


meter, From meager drop-size data, he 
concluded that drop diameter decreased 
This contradicts the 
results of this investigation and other in 


with increasing d, 


Doble further observed that 
for some nozzles, the smaller droplets 
were thrown toward the outside of the 


vestigators. 


spray pattern, while for certain others 
the small droplets fell directly beneath 
the nozzle. 

In addition to nozzle design, spray 
characteristics are a function of operat 
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= 
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ing pressures. Capacity can usually be 
assumed to be directly proportional to 
the square root of the preseure, although 
Doble observed that the ratio C/\/ p 
decreased slightly with pressure, where 
( 1s nozzle capacity and p is pressure. 

Harvey and Hermandorfer (9%) in a 
study of the effect of pressure on cone 
angle proposed that liquid in the whirl 
chamber may follow the action of either 
\ free 
usually predominates near the outside of 
but as 
the 


hee Onies 


a tree or a forced vortex vortex 


the chamber a given element of 
liquid 
velocity 


nears orifice, its tangential 
© high that frictional 
forces become appreciable, a forced vor 
tex with constant angular velocity is 
formed, and the tangential velocity di 
until the 


\s the pressure ts 


minishes liquid is discharged. 
the 
region of 
rise to the 
Consequently, the 
velocity 1 


increased, result 
the 


give 


higher velocities in 


the will 
forced vortex earliet 


vortex 


exit 


tangential smaller than 


hefore, resulting in a 
the 


higher 


narrower cone 
By virtue of 


volved at 


greater energy in 
size 
will diminish with increased 
although 


the 


pressures 
ordinarily 
pressure, there are varying 
Opinions as to 
volved 

With regard to liquid properties, 
Kuehn (72), in tests with jet injectors, 


tound that at high liquid velocities, cor- 


exact relation im 


responding to high pressures for pres 
sure nozzles, droplet size was controlled 
by surface inertial 
whereas at low liquid velocities, viscosity 
was tound to be the cor trolling liquid 
property, Schuebel (29%) postulated a 
dimensional relation in which dr p size 


tension and forces, 


How 

Glender 


inversely with vi 
David (5) 


contended that an increase in vi 


varied cosity. 


ever, and -Lloughton 


results in a larger drop size 


a. 15 Ib./sq.in. 


Fig. 1. High-speed photographs of dyed-water spray from a centrifugal nozzle. 


ning et al. (8) observed that flow rates 
through plain orifices decreased with 
increasing viscosity, whereas in a cen- 
trifugal nozzle, capacity was seen to in- 
crease somewhat with viscosity as long 
as atomization was effective. Larcombe 
(13), on the other hand, found that for 
an increase in slightly 
higher pressure was required to main- 
tain a constant 


Viscosity, a 


flow rate. Spray cone 


angle, according to Glendenning, de 
creased as viscosity increased 

Of all the liquid properties, viscosity 
is probably the most significant because 
if can vary 


The 


volved in 


over so extreme a range 
tedious 
the drop 
size-distribution data has usually limited 
the development of precise and complet: 
ind the 


operation 


counting procedure in 


determination of 


relationships between drop Size 


variables of nozzle design, 
and liquid properties, 
1932, counted 


an effort 


Lee (75), in 


180.000 drops n 


nearly 


to determine the effect upon 


drop size of oritice diameter. ratio oft 
length to 


pressure, and chamber pressure for 


orilice diameter, injection 
plain 
injection nozzles. He also made a 


ruts 


with impact-type nozzles but re 


ported only a single run for a centri 
fugal nozzle. 


Nukivat 


basis of a 


) 


het and Tar asawa (20), on 
large 


the 


number of runs with 


pneumatic atomizers, developed an em 
pirical equation tor mean. dre plet s1zZ¢ 
which was modified as follows by Lewis 


et al. (76) in an attempt to correlate the 


data for pressure nozzles: 
dD, 157 Ve ‘pf 


oan ) 14 
op } yd, \ p p 


In applying this equation to the T-type 


nozzle data of Tloughton (77) and to 


b. 40 Ib./sq.in. 
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the injection-nozzle data of Lee (15), 
fair agreement attained between 
actual values of Dysg. 
However, ky was found to differ greatly 
for the two sets of data. 

An representing drop 
size distribution was proposed by Nuki 


Was 
and computed 


equation for 


yama and Tanasawa as follows: 
dN 
dp 


where .\ number of drops with dia- 
meters between zero and )) 


dis 


drop, microns 


wmeter of an individual 


Experimental data are necess: 

tablish the the 

| quations 1) and any 


values of constants i 


tvpe of nozzie. 


One of the more extensive mvestiga 


tions of drop size was the work of Long 
(17) on 
oil 
following empirical 


dre 


centrifugal pre 


He obtained 
equati Ns 


well ssure noz 
the 


ior meat 


zles for burne 


size and size distribution from 
drop-size data for various oils 


Mean drop siz 


D,.,,€sin 0/2) 


d,/2 


Drop-size distribution : 


O 
where 


R = weight fraction of sample above 
size D, 
, 


hy measure of uniformity, constant 


For fuel oil, Longwell established a 
value of 0.72 for k, and a value of 2.8 
for k,’ 


specially desig 


ater work by Pierce (22) on 


ned 


ucs 


centrifugal nozzles 


gave higher \ in the neigh 


Fa 


c. 150 Ib 


sq.in. 


0.031 in 


April, 1953 


| 
— 
372 (3) 
p” 
= 
= 
+ 
; ‘ 
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borhood of 1.8, while im applying 
Houghton’s data to Equation (3), Pierce 
found k, to vary from 3.5 to 9.9. 


The Mechanism of Atomization 

Since Rayleigh’s pioneer work in 
1878, on the bre akup of liquid jets (24) 
the actual mechanism of atomization has 
been a phenomenon of interest to many 
investigators. 

Weber (31) 
inalysis to the 
quids under 


extended Rayleigh’s 
breakup of viscous li- 
forces of surface tension 


and air resistance Castleman (3 
high 


the 


4), in applying the same analysis to 


velocity. disturbances on out 


TANGENTIAL 
INLET PORT 


Fig. 2. Whirl 


chomber for 
nozzle 


Mecrley octomizing 


similarity between pneumatic or an 


stream atomizatior ind pressure 

postulated the 
at the liquid-gas 
effect of sur 


face tension, Cc May se into droplets. Lee 


tion. Castleman turther 


formation of ligaments 


under the 


intertace which 


and Spencer (74), by means of photo 
micrographic studies of fuel sprays, ob 
served that ligament formation is con- 
trolled by the 
air and liquid. 


between 


tant 


relative 
For 
values of (u/\/ pod, ), Ohnesorge 


velocity 


Various con 


(21) 
found jet stability to be a function of 
Reynolds number. For 
Reynolds number, Rayleigh 


low values of 
vibrations 
occurred; at intermediate values, jets 
lisintegrated by means of helicoidal vi- 


high 


atomization 


brations, while at Reynolds num- 
bers, 
the 

In contrast to the plain jet, the cen 


tend 


complete occurred at 


orifice. 


trifugal nozzle 
stable liquid which 
breaks up into dropl ts a short distance 
from the orifice. Figure 1, taker 

lye! 


study, how une t 


to produce an un- 
conical sheet of 
im this 
illustrates 
the cone eve 
in the collapse of the 
vidual droplets. Comparison of the three 
high-speed photographs reveals that 

the orifice as 
his behavior is 
cited by 


turbances in result 


ntually 


shee t into 


breakup occurs nearet 
pressure 1s increased. 
that 


analogous to Ohnesorge 


for plain jets 
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Experimental Equipment and Procedures 


Requirements of the equipment for this study 
were (1) a method for controlling and varying 
the pressure and flow rates of the pressure noz 
zles, (2) means for varying specific features of 
nozzle design, and (3) methods for measuring 
the resultant sproy characteristics. 

The Marley atomizing nozzle was selected to 
study weight flow patterns on the basis of its 
adaptability to systematic voriations in design 
A number of brass whirl chambers (Fig. 2) were 
fabricated in which the entrance angle, 3, and 
the number of inlet passages were varied from 
0° to 90° and from 1 to 4, respectively 

Several Spraying Systems grooved-core spray 


Fig. 3. Spraying Systems grooved-core nozzle 


drying nozzles were used to study drop-size dis 
tribution. Figure 3 shows the configuration of 
the grooved core. Variction in the cross-sectional 
area of the grooves permitted systematic changes 
in the tangential velocity component of the li 
quid with'n the nozzle. 

Two other nozzles, a Spraco T-type hollow 
cone nozzle and a Spraco solid-cone nozzle, 
were tested at low pressures. 


Pressures up to 1500 Ib 


with compressed nitrogen applied to a reservoir 


sq.in. were obtained 


Fig. 4 
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cylinder containing the liquid to be atomized as 
shown in Figure 4. The liquid line, ‘4-in. high- 
pressure piping, extended to within an inch of 
The line and nozzle 
directed 


the bottom of the reservoir 
were placed so that the spray was 
downward in the center of a plywood enclosure. 
Nitrogen from an adjacent cylinder was released 
through a high pressure reducer valve into an 
annular space around the liquid line. A bleeder 
valve was inserted between the two vessels so 
that rapid reductions in pressure in the system 
could be achieved 

Nozzle capacity was measured by placing the 
nozzle into a metal sleeve which directed liquid 
for a given length of time into a volumetric 
meesuring vessel. 

The 


the 


second spray property determined was 


weight flow distribution; i.e., the spotiol 
density of liquid at any point beneoth the nozzle 
expressed as the cone angle including any given 
fraction of the total volume being atomized 
This was determined by collecting the spray in 
sheet-metal cylinders mounted annularly upon o 
circulor base plate ond so orranged thot at a 
of 5 in the 


orifice and the tops of the cylinders 


vertical distance between nozrle 


each an 
nular compartment would subtend on even frac 


tion or mult ple of o steradian, the solid angle 


mecsured r ially from the orifice One sterod 


ion subtends en crea of + on the surface of o 


sphere of + usr The unit of the steradian 


wes chosen couse, for a given intensity of 


flow in space, rote of flow per steradian 


would not change, whereas flow rates per de 


gree of plene angle or per unit of horizontal 


distance from the nozzle axis would vary as on« 


moved in relation to the nozzle ox's. Ports cut 


in the bose plete of the apparctus permitted 


drainage from eoch compartment into a grad- 
vote Uniformity of deter 


spray pottern was 


mined by exposing only one quadrant of the 


weight-distribution apparatus at a time 


iracteristic ol 


pi i\ cle 


ly in tl investiva 
the 


occurred 


tribution, te 
wich 
evel il 


spec ified = size 


Flow diagrom of pressure system 


Shhh, 
4 
AAAS, 
Shhh, 
Y Y 
4 
//, YY 
| 
tert ned ouantitat 
tion was drop-size 
within each of 
jo F 
Cc 
be NITROGEN CYLINDER 
8 LIQui RE SERVOIR 
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ranges. The number of size ranges 
should be sufficient to approximate the 
actual distribution. The accuracy 
depends on the total number of droplets 
reported, For the purpose of illustration, 
consider a distribution to be represented 


also 


graphically as the percentage of droplets 
under a given size plotted against that 
If, then, it is specified that this 
cumulative-distribution curve should not 


size, 


deviate from the actual distribution at 
any point by more than an absolute error 
equal to one per cent of the total num- 
ber of droplets, it can be shown (18) 
that 18,500 droplets must be counted to 
fulfill this requirement 95% of the time. 
Figure 5 shows the absolute deviation 
which may be expected from an actual 
cumulative distribution curve as a fune 
tion of the number of droplets counted. 
The number of droplets required to 
ensure a given accuracy depends also on 
the choice of sampling locations. If the 
locations are not chosen judiciously with 
respect to the greatest volume of spray, 
then the required counts may be consid- 
erably greater than suggested by Figure 
5. At best, the total count for any single 
spray should be on the order of several 
thousand drops if the error is to be con 
fined to a small percentage. 


The drop-sampling method chosen was oa 
modification of Rupe’s procedure (25) in which 
glass-bottom cells filled with Stoddard solvent 
were exposed to a spray of dyed water. A 2'2% 
solution of nigrosine in water was sufficient to 
provide perfectly opaque droplets which, when 
photographed, appeared as transparent images 


Surface tensi ements 
at 73° F. yielded a value of 62.5 dynes/cm. for 
the dyed solution as contrasted to 72.2 dynes 


on the negotive. 


em. for pure water. Thus drop sizes obtained 
with the dyed water might be slightly smaller 
than for pure water. When it was desired to 
vary the liquid viscosity, the dyed water wos 
mixed with appropricte quantities of glucose. 
The cells used in collecting the sproy were 
cut from brass with the dimensions shown in 
Figure 6. The bottoms, cut from optically flat 
glass, were coated periodically with G.E. Dri-film 
on the upper surface to prevent droplets from 
spreading. The use of Stoddard solvent was 
recommended by Rupe (25) not only because of 
its immiscibility with water but also because its 
density permitted water droplets to sink through 
the solvent and remain suspended as practically 
perfect spheres, barely touching the cell bottom. 
Exposure of the cells was accomplished by 
means of a shutter assembly wherein the cell 
was ploced in a box-like enclosure, and slides 
with 
rapidly over the cell. By means of a graduated 


various-sized aperture slits were moved 


metal runway, the shutter assembly was posi- 


tioned at any desired distance from the nozzle 


INUMBER OF DROPLETS SAMPLED 


STATISTICAL ERROR FACTOR 


vs. 


NUMBER OF DROPLETS SAMPLED 


Fig. 6. Diagram of drop sampling cell. 


on the size of the droplets being photographed, 
and for the range of sizes involved in this in- 


oxis. After exposure, the cells were « 
filled with solvent and covered with glass so as 
to eliminate any meniscus effect. Photomicro- 
graphs of the droplets were made on a high 
film with a photomicrographic 


contrast cut 


camera. The choice of magnification depended 
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estigation, a magnification of 35X or 50X was 
found to be satisfactory. A blue filter was used 
in the optical system to minimize chromatic 


aberration and ensure distinct images. 


Techniques described above were de 
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signed to provide negatives suitable for 
use with an electronic drop-size distri- 
bution analyzer described by Adler, 
Mark, Marshall, and Parent (7). How- 
ever, the size-distribution data presented 
in this paper were evaluated prior to the 
final development of the analyzer and 
were determined from a visual count of 


April, 1953 


DOU 
000 
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N 
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0.01 002 0.03 0.04 
ERROR FACTOR 
OPTICALLY 
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j 


5-in. X 7-in. nega 
With the aid of a mag- 
nifying glass and an engineering rule 
drops were counted at a rate of about 
1500/hr. To maintain a_ reasonable 
counting rate, 1t was necessary to employ 
two individuals ; and 
count, and the other to record the data. 


prints made from 


tives (Fig. 7). 


one to measure 


A tape recorder was sometimes utilized 
to record a count. 


TREATMENT OF DATA 
Weight Flow Distribution 


The distribution 
were plotted as the percentage of liquid 
falling within a given solid angle. , vs. 


weight flow data 


w, yielding a curve of the type shown in 
Figure 8. The plane cone angle, @, cor 
responding to any value of @ is related 


to w as follow. 


locations by laying off the desired num 
ber of sampling zones along the ordinate 


axis. This method of choosing sampling 


points assumed that the drop-size distri- 
bution at the mid-point of a zone 
representative of the distribution for the 
Since the diameter of a col- 


was 


whole zone. 
lection cell was of the order of magni- 
tude of a zone width, this assumption 
justified. The 


between cells and nozzle oritice was kept 


scemed vertical distance 
the same as the vertical distance between 
the orifice and the weight flow distribu 
order 


tion apparatus, im that the equi- 
volume zones could be determined from 
weight flow data. A suitable sample 


ordinarily was secured by exposing two 
collection cells at each point. 
Particle-Size Distribution Data 


One method of particle size represen 
tation commonly used is one wherein the 


(7) 
\ <7 
where 
f frequency of observations of value 
X 
xf, total number of observations 
Vv a constant, value of NX at mani 
mum value of f 
a constant usually termed the 


standard deviation 


Data satisfying Equation (7) wall plot 
as a straight line on normal probability 
paper. The resulting line can be char 
acterized by two parameters, a slope and 
conven 


an intercept. Ordinarily, it is 


ient to choose as an intercept vol 


ume median diameter, /),,,, correspond 


ing to 506) on the cumulative volume 


The slope ot the plot, on the other 


hand, is a measure of spray uniformity 


3 
6qr- 
z 
a . 
. . e + 
e 
. ‘2s w 


Similarly, the relationship between w and 
measured outward 
a distance, //, 


the nozzle orifice is 


the linear distance, L, 
irom the nozzle axis at 
below 


(4x @) 
(6) 


Hy 


(oF 


Weight flow data were used in detet 
mining the locations of drop-sampling 
points as follows: 

For each run, six cell locations were 
determined such that each position cor 
responded to the mid point by volume 
of a zone representing one sixth of the 
Then, after 
the droplets sampled in each zone were 


total volume of the spray. 


counted, the partial volumes of droplets 
for each zone were adjusted or weighted 
to the same volume of spray. 


The cumulative curve of the type 
shown in Figure 8&8 was used to deter- 
mine the mid-points for sample cell 
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Fig. 7. Specimen photomicrograph of collected dyed drops 


3 
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4, w 
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Fig. 8. 


number or the fraction ct the total 
number of droplets in a given size class 
Fre 


quently, however, a given size class may 


Is plotted against that size class. 


contain a lich percentage of the total 
number of the the spray. 
but this may represent only one or tivo 


droplets in 


per cent of the total volume of the spray 


This usually occurs for the size range 
including the smallest drops. this 
case, a representation based on volume 
or surface area is usually 
Such the this 


frequency curves were plotted in which 


preterred 
was case m study, and 
the volume associated with a given range 
ot droplet 
size range. In corresponding cumulative 
plots, the total 

associated with droplets under a 


sizes was plotted against the 
percentage ot volume 
given 
size was plotted against that size. 

A normal distribution of drop sizes 
the normal probability 


would satisty 


equation 
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and is related to s, the standard devia 
tion, in Equation (7). For a. linea 
probability plot, » is computed from 


fers to the drop chiametet corresp 
to 84.13 
It is not logical to expect 


than size 
i physical 
atonnzation, to obey the 


process, such i> 


normal distribution law, Equation (7), 
since this law would predict the exist 
not only much larger than 


hepative 


ence ot drop 


the mean siz ilso of drops whose 


cliameters are Pherefore, it 1s 


to be anticipated in atomization studies 


that drop-size distribution will follow 


some law which is compatible with the 


physical proce of liquid breakup. 


Recognition of the need for adequate 


size distribution-laws for physical di 
integration 


by veral workers 


made 
and var 


has been 
19a) 
ous attempts have been made to develop 
which take 


proce “Cs 


distribution laws account 
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physical limitations in the atomization 
process such as limits on the upper and 
lower drop sizes. The problem of deriv- 
ing from theory a distribution law for 
atomization requires a knowledge of all 
the factors causing liquid breakup and 
the variations of their interdependence. 
At present, this appears to be an insur 
mountable problem 

In this study, the drop-size-distribu 
tion law obtained was totally empirical, 
and no attempt was made at this stage 
of the study to justify it from theoretical 
consideration, Further, it is not pro 
posed that the drop-size correlation ob 
served in this work is necessarily a gen 
eral one for all pressure nozzles 

Experimental results and correlations 
will be presented in Part IT. 


Notation 

Ay cross-sectional area of a single groove 
in a grooved-core-type nozzle, sq.in. 

a constant in the Nukiyama-Tanasawa 
equation for drop-size distribution 

b constant in the Nukiyama-Tanasawa 
equation for drop-size distribution 

c capacity of nozzle, gal./min. 

D = diameter of an individual droplet, « 


Dd. drop diameter corresponding to maxi 
mum value of N 
= volume median diameter, u 
Dy diameter of a droplet whose ratio of 
volume to surface area is equal to 
that of entire spray, u 
d. = orifice diameter, in.; 
= 


jet diameter, in. 
function relating Dy. to Vy for con- 
stant V; and 
fo(Ve) function relating ( to Ve for con- 
stant V; and d, 
*.(V.) = function relating s to Ve for con- 
stant V; and d, 
gv(Vi) = function relating D, 
stant V. and d, 
gulVi) = function relating # to Vi for con- 


stant and d, 


to Vi for con 


a.(Vi) = function relating s to V; for con- 
stant V. and d, 
H = vertical distance between nozzle ori- 
fice and sampling apparatus, in. 
hu(do) = function relating Dys to do for con- 


stant V. and V; 
hy(d.) = function relating to de for con- 
stant V, and V; 


h.(d.) = function relating s to d. for con- 
stant and 
ky constant in Longwell’s equation for 


median drop size 
ki’ = constant in Longwell’s equation for 
drop-size distribution 


ky constant in dified Nukiyamo-Tana- 
sawa equation for mean drop size 

K= C/V p 

L linear distance from central nozzle 
axis, in. 


M = value most frequently observed in a 
normal probability distribution 
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N = number of drops 

Ny number of drops in i-th size class 

No = number of grooves in a grooved-core- 
type nozzle 

p = nozzle gauge pressure, lb. /sq.in.; also 
constant in the Nukiyama-Tanasawa 
equation, Equation (2), for drop- 
size distribution 


Q, volume rate of flow of liquid in an 
atomizer 
q constant in Nukiyama-Tanasawa equo- 


tion for drop-size distribution 

~ weight fraction of spray sample above 
size, D, in Longwell’s equation for 
drop-size distribution 

s standard deviation in a normal probo- 
bility distribution; also index of 
uniformity, volume basis 


Vv, tangential velocity component, ft./sec 


< 


= effective tangential velocity, ft./sec. 


vertical velocity component, ft. /sec 


Greek Symbols 


a angle made by grooves with the hori- 
zontal in a grooved-core-type noz- 
zle 

8 angle made by inlets with inner wall 
of a whirl chamber 

x liquid kinematic viscosity, stokes 

7) spray cone angle, degrees 


plane angie subtending 80% of to- 
tal spray, degrees 

fa liquid viscosity, poise; also denotes 
micron as unit of measure 

nA per cent of input power used to create 
additional surface area 

p = density of liquid, g./cc. 

o surface tension, dynes/cm. 


w solid cone angle, steradians 
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Heat Capacity of Organic Liquids 


W. M. Chow and John A. Bright, Jr. The Catholic University of America, Washington, D. C 


eat capacity of liquids is often neces 
sary information for chemical engi 
neering calculations 


nd design 


ever, available data are meager. Owing 
to difficulties in dealing with the liquid 
state in general, little progress has been 
made toward prediction of liquid heat 
capacities from theory. Empirical corre 
lations in the 


stricted to specitic classes of compounds 


literature are often re 


ind sometimes require knowledge oft 
other unavailable physical propertics 
Hougen and Watson (75) 
mended Kopp’s rule. for 
liquid heat 
values for atomic heat capacities. 
heat the 


properties of a molecule, hence, at best 


recom 

prediction 
Wenner’s 
Atomic 
constitutive 


capacities, and 


capacity ignores 
it is only a rough approximation. Trou 
ton’s rule, modified by Hildebrand, pre- 
(12). Its 
application, however, requires the molal 
latent heat of vaporization and the nor- 
Watson (32) derived 
thermodynamic expressions relating heat 


dicts liquid heat capacities 


mal boiling point 


capacities of a saturated liquid to that ot 
its vapor. Aside from the difficulties in 
using this method, its practical value is 
limited, since only liquids at their boiling 
points can be used 

Heat liquid petroleum 
fractions have been studied (4, 14, 79-21, 
24-29). Correlations for these liquids 
have been reported (3, 8, 31) and veri 
fied (9, 33). As 


be expected to be 


capacities of 


such, they can hardly 
applicable to com 
pounds other than hydrocarbons 

Recently considerable work has been 
done in the field of the liquid state 
(7, 13, 16-18). Debye (5) treated the 
liquid state as a closely approached 

W. M. Chow is now associated with Calco 
Chemical Div., Bound Brook, N. J., and J. A 
Bright, Jr., with Esso Standard Oil Co., Baltimore, 
Md. 
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A correlation is presented to predict the heat capacity of a number 
of liquids as a function of their structural parachor and molar refrac- 
tion values without experimental data. Watson's expansion factor 
has been extended to relate the variation of liquid heat capacities 
with temperature and pressure. A proposed relationship between heat 
capacity and expansion factor permits estimation of heat capacity for 
liquids at any condition from a single known value. 


crystalline state. Devonshire (6) caleu 
lated the heat capacities of liquids from 
intermolecular forces by statistical 


methods. Golik (10, 117) 


working on Eyring’s theory, expressed 


their 


mechanical 


the heat capacities of monatomic liquids 
in terms of the temperature dependence 
of the liquid structure and the energy of 
Bauer, Magat and Surdin 
(1) found the heat capacity of a liquid 
at the critical point to be different from 
that of its 


evaporation 


corresponding vapor. Bhaga 
vantam (2) employed the Raman effect 
in estimating Equid heat capacities by 
treating the liquid state as being an im 
termediate betwecn the solid and the 
gaseous state Whereas these works do 
light on the nature of the hiquid 
state, it is clear that they are still in so 


throw 
early a stage of development that no 
practical value can vet be derived there 
irom. 


Parachor and Molar Refraction 


Me (22) correlated the critical 
constants with the parachor and molar 
The 


Sudgen (30) as 


issner 


retraction parachor is defined by 


(1) 
Pr 
Molar refraction is calculated from the 
Lorentz-Lorenz equation 


Chemical Engineering Progress 


V/ ] 


n,* T 2 


(2) 


Meissner’s 
to use since both the parac hor and molar 


correlation is convenient 


refraction of any substance can be cal 
trou tural 
taken 


is presented im 


culated from the atomic and 
values. A summary of the values 
from Meissner’s 
Table 1. 
According to Meissner, the physical 


significance of the parachor is that the 


article 


ratio of the parachors of two substance 

is equal to the ratie of their molal liquid 
volumes at equal surface tension under 
such temperatures that the vapor densi 
Molar refraction 
the other hand, represents the actual vol 
the 

substance It 
(Rh) 
tion of the total liquid volume occupied 
by the 


ditions of equal surface tension 


ties are negligible on 


molecules im mole of 


follows that 


ume ot one 
the 


(P??) may be regarded as the frac 


ratio 


molecules themselves, under cor 
thermore, since surface tension 1s closely 
related to internal pressure and the latter 
to the intermolecular force field densi 
ties, it is reasonable to expect the (R)/ 
(/’) ratio to be a measure of the inter 
molecular attractive forces. 

correlation leads the au 


thors to suspect that the same type of 


Meissner’s 


correlation can be applied to heat capa 
cities of liquids, since the heat capacity 
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Table 1.—Atomic and Structural Values—Parachors and Molar Refractions (22) 


Parachor Refraction Parachor Strain Constants 
c 92 —— (R = hydrocarbon radical, X = negative group) 
H 1.100 3 Carbonyl in ring 
—CH— ..... 40.0 4.618 
© 1.828 0 RCH:X: R*CHO; R*CO*R; RCH.R; RNH:; 
ro) (ether) 20 1.643 NO*R; NOOR; R:SeO 
© (carboryl) -3 RCHX:; RCOOH; R+CO*OR; R*COCI; 
F ‘ RCHX; R.CH*R; RCONH:;; RO*CO-OR; 
Ci 5.967 RO*CO+CI; R*SO*OR; RO*SO-OR: 
Br “9 0.066 . R:NH; NOCI; NO:OR; N.O, azides; 
N (primary amine) 17.5 2.322 
N (secondary amine) 17.5 2.502 -6 R*CX,; RsCX; C1*CO*CI; RsCR; 
N (tertiary amine) 17.5 2.840 RSO.*R; RO+SO,+R; RO*SO,*OR; NCI; 
N (nitrile) 55.53 5.516* NO.CI; PX,; PO(OR);; BX;; AsX;; SbX; 

‘ 

12.5 0 SaX, 
4-Membered ring 6 -12 SOCI,; NCI; PC;; SbCI; 
5-Membered ring 3 0 
6-Membered ring 0.8 0 SCI. 
7-Membered ring 40 7) ‘Hydrogen on bromine has @ parachor of 16.4; on chlorine 
Double bond ............ 19.0 1.733 12.8; on oxygen; on nitrogen 12.5. 
Semipolar double bond 0 1.733 Includes allowance for double bond 
Triple bond .... 38 2.398 SIncludes allowance for triple bond 
Singlet linkage -9.5 4Value depends on type of compound 


related to the intermolecular 
forces. Furthermore, the empirical rela- 
tionships thus derived will probably hold 
true for all substances whose structures 
are alike, i.e., applicable to any one ho 
mologous series. 


Proposed Correlation 


Since both the parachor and molar 
refractions are virtually temperature- 


Is also 


( 


A j 


PARACHOR 


/ 
/ 
j 
/ 
iA 


(MOLAR REFRACTION) (HEAT CAPACITY) (RC) 
Fig. 1. Relation between the parachor and the 


product of molar refraction and heat capacity 
at 20° C. 
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independent, and heat capacities vary 
with temperature, it is necessary to 
choose an arbitrary temperature level at 
which the heat capacities are compared. 
Because the majority of literature values 
are reported at or near 20° C., this is 
chosen as the basic temperature. 

The parachor and molar refractions 
are calculated from the atomic and struc- 
tural values given in Table 1. Heat ca- 
pacities are mostly taken from the Inter- 
national Critical Tables. After exhaust- 
ing the useful heat-capacity values in 
the literature, it was found that the fol 
lowing equation correlates satisfactorily. 


( (3) 
A few sample curves plotted as the 


product of RC vs. P are given in Fig- 
ure 1 to illustrate the method of corre- 


lation. Values for the empirical con- 
stants are given in Table 2. Calcula- 


tions, together with the comparison of 
actual values with calculated values, are 
summarized in Table 3. An illustrative 
example is given in Table 4. 

Figure 1 and Table 3 disclose that the 
correlation is satisfactory, with a mean 


discrepancy of 20% and a maximum not 
exceeding 5%. Some of the experimen 
tal values are doubtful. Furthermore. 


sometimes only a temperature range for 
the heat capacity of a given substance 
can be found. In still other cases, the 
heat capacity at 20° C. can be deter- 
mined only by interpolation. All con- 
sidered, the empirical equation probably 
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Table 2.—Values of "A" and “B" at 20°C. 


Class A B 
Paraffinic hydrocarbons 185 24 
Acids 19.5 -5.8 
Alcohols 15.9 5.8 
Esters 20.25 -5.8 
Ketones 158 -I8 
Nitriles 165 -20 
Amines 17.8 45 
Monochlorides 175 -37 
Dichlorides . 26 -21 
Trichlorides . = 20 -89 
Chloroacetates 18 -58 
Dichloroacetates -76 
Trichloroacetates 22.6 -94 
Isoalcohols 215 76 
Aromatic hydrocarbons 173 -49 
Benzoates 15.75 -97 
Phenyl ethers 16.75 
p-—Cresyl ethers 14.6 -88 


will give values which do not much ex 
ceed the experimental error, 


Variation of Liquid Heat Capacity with 
Temperature and Pressure 

Heat capacities of petroleum liquids 
have been successfully correlated with 
density (3, & 31) and liquid densities 
correlated with the 
(15, 32). Watson found that the quo- 
tient of the density divided by the ex- 
pansion factor is essentially constant for 
ail liquids. The expansion factor, in 
turn, when expressed as a function of 
the reduced temperature and pressure, 


“expansion factor” 
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Table 3.— Heat Capacities—Actual vs. Calculated at 20°C. 


P c 
Compound (actual) 


n—Butane 190.8 0.549 
n—Pentane 230.8 0.558 
n—Hexane 270.8 0.527 
n—Heptane 310.8 . 0.49! 
n—Octane ; 350.8 0.505 
n—Nonane 390.8 0.503 
n—Decane 430.8 0.493 


Formic acid es ion 90.6 . 0.512 
Acetic acid ‘ 130.6 k 0.488 
Proprionic acid 170.6 . 0.473 
n—Butyric acid 210.6 . 0.473 


Methanol ae 85.4 . 0.600 
Ethanol 125.4 0.569 
n—Propanol 165.4 0.571 
n—Butanol 205.4 0.563 


Methyl formate 139.0 0.519 
Ethyl formate 179.0 0.508 
n—Propyl formate 219.0 . 0.459 
n—Butyl formate 259.0 . 0.459 
Methyl acetate 179.0 0.468 
Ethyl acetate 219.0 t 0.457 
n—Propyl acetate 259.0 : 0.459 
Methyl propionate 219.0 0.459 
Ethyl propionate 259.0 
n—Propyl propionate 299.0 
n—Butyl propionate 339.0 
Methyl butyrate . 259.0 
Ethyl butyrate 299.0 
n—Propyl butyrate 339.0 
n—Buty!l butyrate 379.0 


Dimethyl ketone .... 1590 
Methyl ethyl ketone 199.0 
Methyl butyl ketone 279.0 
Diethyl ketone 239.0 
Dipropyl ketone 319.0 


Acetonitrile 120.1 
Propionitrile 160.1 
Butyronitrile 200.1 
Valeronitrile 240.1 


Methylamine 97.9 
Ethylamine 137.9 
Propylamine . 177.9 


Methyl chloride anil 110.4 
Ethyl chloride 150.4 
Propyl chloride 190.4 
Buty! chloride 230.4 


Methylene dichloride .. 1470 
Ethylene dichlorode 187.0 


Chloroform 
Trichloroethane ; 223.6 


Methyl chloroacetate 212.6 
Ethyl chloroacetate 252.6 
Propyl chloroacetate 292.6 


Methyl dichloroacetate 249.2 
Ethyl dichloroacetate . 289.2 
Propyl dichloroacetate 329.2 


Methyl trichloroacetate 285.8 
Ethyl trichloroacetate 325.8 
Propy! trichloroacetate 365.8 


Isopropyl alcohol mae 162.4 
Isobutyl alcohol 202.4 
Isoamyl alcohol 


(Continued on page 178) 
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(cale.) 
0.563 24 
0.544 25 
0.528 0.2 
0.520 2.8 
0.514 1.8 
0.509 1.2 
0.505 24 
0.521 17 
0.493 1.0 
0.481 1.7 
0.473 0.0 
0.60! 0.8 
0.58! 19 
0.571 0.0 
0.566 05 
0.507 2.3 
0.486 43 
0.474 33 
0.466 
0.487 
0.474 3.7 
0.466 
0.474 3.3 
0.466 24 
0.460 0.2 
0.456 0.6 
0.466 15 
0.460 0.7 
0.456 0.6 
0.453 13 
16.07 0.514 0.488 5.1 
20.68 0.549 0.554 09 : 
29.92 0.553 0.554 0.2 
25.30 0.555 0.553 0.4 
34.54 0.550 0.551 0.2 
11.25 0.542 0.539 0.6 ’ 
15.87 0.538 0.535 0.6 
20.49 0.548 0.533 2.7 
25.11 0.521 0.531 19 
10.24 0.765 0.783 24 
14.86 0.691 0.692 0.1 
18.48 0.663 0.678 2.3 
11.68 0.371 0.359 3.2 
16.30 0.369 0.397 7.4 
20.92 0.404 0.419 3.7 
25.54 0.452 0.433 42 
21.16 0.301 0.302 0.3 
21.42 0.226 0.221 2.2 
22.45 0.383 0.382 0.3 
31.69 0.415 0.412 0.7 
27.32 0.311 0.318 2.2 
36.56 0.342 0.337 15 
32.19 0.268 0.263 19 
36.81 0.286 0.279 24 
41.42 0.298 0.291 2.7 
17.58 0.602 0.631 8 
22.20 0.603 0.583 3.3 
26.72 0.549 0.554 09 
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Compound 


Benzene 
Toluene 

Ethyl benzene 
Propyl benzene 
Butyl benzene 


Methyl benzoate 
Ethyl benzoate 
Propyl benzoate 


Methyl! phenyl ether 
Propyl phenyl ether 


Methyl p—cresyl ether 
Ethyl p—cresyl ether 


is approximately the same for all sub 
stances (32). It suggests then, that some 
relationship may exist between the ex 
pansion factor and the heat capacity 
Since the determination of the forme: 
requires only a knowledge of the critical 
properties of the substance, this relation 
ship would present a convenient method 
by which the heat capacity of a liquid 
at one temperature and pressure can be 
predicted when that at another tempera 
ture and pressure is known. In most ot 
the correlations of the heat capacities of 
hydrocarbons, the heat capacity varies 
inversely as the first power or the square 
root of the density at the same tempera 
ture. The following form of correlation 
would therefore be expected 


( b 


(4) 


Owing to the lack of data in the liter- 
ature, this proposed relationship cannot 
be explored. Data investigated are listed 
in Table 6 and the values of the em 
pirical constant b are listed in Table 5 
A value of 2.8 for a applies satisfac- 


torily to the majority of substances. It’ 


is interesting to note that the value of 
b is approximately 
alcohols, thus one 


for all 
position to 
make a good estimation of the heat ca 
pacity of a compound if one value ot 
a member of its homologous series 1s 


constant 
is ina 


Table 3.—(Continued) 


known at one temperature and pressure 
This known together the 
expansion factor calculated from Wat 
son's correlation enables a calculation oi 
the constant b the value of b 
is known, the heat capacity at any other 
temperature and pressure within the 
Watson correlation range can be esti 
mated from Equation (4). 

Data on the 
city with pres 
in the literature. Only those of butan 
\s shown in Table 6, 
with 


factor, with 


(once 


variation of heat capa 
ure are even more scafce 
were investigated. 
the correlation 
the trend 


appears to agree 


Notation 
A,B 


a, b 


constants in Equation (3) 
constants in Equation (4) 
( heat capacity, calories 
g. cal./° C. 
V molecular weight, g. 
refractive index 
P = parachor 
R molar refraction 


Greek Letters 


surface tension, dynes/em 
wavelength of monochromaty 
light 
density of liquid, g./ce. 
density of vapor, g./cc. 
= Watson’s expansion factor 


Table 4. — Example—Diphenylamine C.H.NHC.H. 


12 Carbon atoms 

10 Hydrogen (to carbon) 

| Hydrogen (to nitrogen) 

| Nitrogen (secondary amine) 
2 6-membered ring 

Strain constant (R.NH) 


From Table 2, for amines, 
A= 178 
Equation (3), 


(12) (9.2) 
(10) (15.4) 


110.4 
154.0 


(12) (2.148) — 29.016 
(10)(1.100) = 11.000 
12.5 1.100 
17.5 2.502 
1.6 0 


(2) (0.8) 


293.00 


¢ = (293 + 45)/(17.8) (43.618) — 0.435 


The nearest experimental data are reported to be 0.437 at 54°C. 
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c 
(calc.) 


0.344 
0.367 
0.385 
0.408 
0.418 


0.365 
0.385 
0.402 


1.2 
0.8 
4.2 
2.0 
2.3 


0.5 
1.0 
0.7 


0.412 15 
0.437 1.9 


0.402 1.0 
0.424 1.2 


Table 5.—Value of b in Equation 4 
Compound b 
Methanol 


Ethanol 
Propanol 


0.00184 
0.00177 
0.00185 
0.00192 
0.00187 
0.00194 
0.00133 
0.00136 
0.00090 
0.00112 
0.00182 
0.00067 
0.00076 
0.00160 
0.00186 
0.00162 
0.00140 


lsopropanol 
Butanol 

Isoamy! alcohol 
Benzene 
Toluene 
Bromobenzene 
Chlorobenzene 
Aniline 

Carbon tetrachloride 
Chloroform 
n—Heptane 
n—Butyric acid 
Acetone 


Ether 
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Table 6.—Heat Capacities as a Function of Watson's Expansion Factor 


Compound 


Methanol 


Ethanol 


Propanol 


lsopropanol 


Butanol 


Isoamyl alcohol 


Benzene 


Toluene 


Bromobenzene 


Chlorobenzene 


Aniline 


Carbon tetrachloride 
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Pres. 
(atm.) 


Temp. 
(¢.) 


o Be 8880 8888Bsu 


20 
30 0.200 
(Continued on page 180) 
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% Deviation 
Cw* * from Mean 
0.00186 2.2 
0.00185 
0.00175 


0.00187 
0.00177 
0.00177 
0.00177 
0.00180 
0.00180 
0.00167 


0.00186 
0.00181 
0.00182 
0.00186 
0.00183 


0.00184 
0.00184 
0.00201 


0.00180 
0.00188 
0.00189 
0.00188 


0.00185 
0.00186 
0.00192 
0.00211 
0.00198 


15. 
23 = 
= 
20. 
0 0.568 0.1296 0.00327 
' 20 0.600 0.1264 0.00309 
I 40 0.617 0.1230 0.00283 : 
-50 0.473 0.1386 0.00395 5.0 
0.536 0.1303 0.00331 0.0 
' 20 0.573 0.1269 0.00309 0.0 
' 25 0.582 0.1263 0.00305 0.0 
50 0.653 0.1220 0.00276 17 
100 0.825 0.1120 0.00218 1.7 
I 150 1.052 0.1000 0.00159 5.6 ; 
-50 0.457 0.1400 0.00407 
-25 0.481 0.1360 0.00376 1.6 
0 0.527 0.1320 0.00345 
! 25 0.587 0.1280 0.00317 it 
50 0.655 0.1240 0.00279 0.5 
-50 0.473 0.1380 0.00389 3.2 
! 0 0.564 0.1295 0.00327 3.2 
' 50 0.742 0.1212 0.00271 5.8 
-33.3 0.453 0.1388 0.00398 3.2 
1 2.3 0.526 0.1335 0.00356 1 
1 19.2 0.563 0.1308 0.00336 16 
' 30 0.582 0.1293 0.00324 tt ; 
0 0.502 0.1352 0.00369 5.1 
20 0.535 0.1324 0.00347 46 
30 0.571 0.1308 0.00336 
1 479 0.662 0.1284 0.00319 8.2 
75.5 0.687 0.1240 0.00289 
0.390 0.1332 0.00354 0.00138 3.8 
i 0.394 0.1324 0.00347 0.00137 3.0 
0.407 0.1308 0.00336 0.00137 3.0 
1 0.423 0.1289 0.00322 0.00136 23 
' 0.446 0.1250 0.00295 0.00132 0.8 
1 0.464 0.1218 0.00276 0.00128 3.8 
0.473 0.1203 0.00267 0.00126 5.3 
0.386 0.1360 0.00376 0.00145 6.6 
1 0.421 0.1290 0.00324 0.00136 0.0 
\ 0.447 0.1248 0.00295 0.00132 3.0 
0.470 0.1218 0.00276 0.00129 5.3 
0.215 0.1410 0.00417 0.00090 0.0 
' 0.231 0.1380 0.00390 0.00090 0.0 
P| 1 0.273 0.1384 0.00393 0.00107 3.6 
' 10 0.298 0.1369 0.00380 0.00113 0.9 
i 20 0.308 0.1357 0.00372 0.00114 1.8 
| 1 50 0.503 0.1360 0.00376 0.00189 4.0 
' 100 0.527 0.1298 0.00331 0.00174 4.0 
Ft I 0 0.198 0.1335 0.00355 0.00070 45 
0.1306 0.00334 0.00067 0.0 
1 0.1288 0.00322 0.00064 2.9 
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n—Heptane 


n—Butryric acid 


Acetone 


Ether 


Table 6.—(Continued) 


0.1318 
0.1295 
0.1288 
0.1273 


0.1292 
0.1276 


0.1383 
0.1378 


0.1293 
0.1263 


0.1298 
0.1204 
0.1190 


0.1205 
0.1126 
0.0981 


Boh$S Bo 8B 


w 5 


0.00344 
0.00327 
0.00322 
0.00313 


0.00324 
0.00314 


0.00393 
0.00389 


0.00324 
0.00305 


0.00329 
0.00267 
0.00257 
0.00214 


0.00268 
0.00221 
0.00151 


THE SEPARATION OF GASES 


by Means of Porous Membranes 


H. E. Huckins and Karl Kammermeyer Stote University of lowa, lowo City, lowe 


Part |. Flow of Gases Through 
Porous Membranes 


0": present knowledge indicates that 
the separation of mixtures of gases, 
and of vapors, by means of porous mem 
branes is dependent primarily upon the 
permeabilities of the individual compo 
nents of the mixtures. Consequently, the 
flow phenomena through porous mem- 
branes are of basic importance. This 
investigation was undertaken to eluci 
date the flow mechanism and the inter- 
relations of mechanisms which are ex 
hibited by different systems of gaseous 
mixtures. 


Theory and Literature Survey 


Since Graham's initial investigation 
in 1829 (75), considerable work has 
been done on the theory of flow of gases 
through porous media. Various types 
of flow have been studied and are dis- 
cussed by Barrer (5). These types of 


H. E. Huckins, Jr., is now associated with the 
Jackson Laboratory, Du Pont Co., Deepwater, 
N. J. 


(2) 


(1) molecular effusion; 
molecular streaming or Knudsen flow; 
(3) streamline flow or Poiseuille flow ; 
(4) turbulent flow, and (5) orifice flow. 


Molecular effusion is flow through a 


flow are 


hole of negligible length, and molecular 
streaming, or Knudsen flow, is flow 
through a tube of considerable length. 
In both cases, the diameter of the tube 
must be small compared with the mean 
free path of the gas molecules. The dif 
ference between the two is that the gas 
molecules collide with the walls in flow- 
ing through the tube, while such col- 
lisions are essentially nonexistent in 
molecular effusion. 

Poiseuille, turbulent, and orifice flow 
are the more common types, when the 
diameter of the duct is large compared 
with the mean free path. 

Knudsen flow, or molecular streaming, 
sometimes referred to as molecular flow, 
was investigated by Graham (15). For 
this type, Maxwell (26) that 
the difference in rates of flow of gases 
depended upon the fact that the relative 
frequency with which molecules of var- 
ious components enter the small pore is 


showed 
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dependent upon the frequency with 
which they strike the surface. The more 
frequently they strike the surface, the 
greater the probability of their entering 
a hole. This frequency is directly pro- 
portional to their molecular velocities, 
which are inversely proportional to the 
square roots of their molecular weights. 
must the 
same average kinetic energy. 
Knudsen (24) that the 
of flow of gas or vapor under 
conditions could be expressed as 
lows: 
dn B l (Pp 
dt 2) \V/2eMRT 


For circular tubes, 


where r is the radius. 
may be simplified to 


since each component have 
rate 
these 
tol 


showed 


B= 16/3 r®x, 
This 


equation 


dn/dt = — P) (2) 


VM 


where b is a constant. 


In the case of Poiseuille flow of com- 
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Compound Pres. Temp. % Deviation 
(atm.) (°C.) c w |_| * from Mean 
Chloroform 0.232 0.00080 5.3 
' 0.226 0.00074 2.6 
j 0.234 0.00075 13 
0.234 0.00073 40 
0.519 0.00162 0.9 
| 0 444 0.00175 5.4 
0.519 0.00159 19 
: 0.515 0.00170 21.4 
! 0.525 0.00140 0.0 
0.521 0.00134 43 
0.545 0.00116 7.1 
Butane 0.551 0.00148 17.5 
34 7 0.595 0.00132 48 
34 3 0.650 0.00098 22.2 
| | 
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pressible fluids, the rate of flow may be 
expressed by 
l 
dn /dt « — 9) 
1281.9 RT 
(3) 
This may be reduced to 
aP’(P 
du/dt (4) 
” 
It is apparent that the main distin- 


guishing points between molecular flow 
and streamline flow are flow 


is dependent only upgn the molecular 


: molecular 
weight and pressure drop; streamline 
flow upon the average pressure, viscos 
itv and the pressure drop 

Since the nature of fluid flow, in gen 
eral, depends upon the relation between 
the diameter of the pores and the mean 
free path, the nature of the flow changes 
with the pressure because an increase in 
pressure decreases the mean free path 
In view of this fact, there are three flow 
flow 
viscous, intermediate and molecular. The 


regions in through membranes- 
intermediate region 1s a combination of 
Knudsen and Poiseuille flow. For a 
given diameter tube, the flow type will 
change trom viscous to intermediate to 


molecular as the pressure is decreased 


to zero 


Porous materials have a wide range 
that in some of the 
smallest pores the flow will be of the 
molecular type, while in the larger pores 
the flow will be streamline, and in the 


of pore sizes so 


medium-size pores the flow is inter 


mediate. 

Adzumi (7-4) combined the equations 
for streamline and molecular flow for 
the general case of mixed pore sizes to 


give the equatior 


in /d al” N 4 
adu/dt 
Ye 3 
(>) 
MRT I. 


where .\, 


is the number ot pores and 
is the coefficient of slip 

Expressing these equations in terms 
of flow rate per unit pressure drop, 


/ dn/dt + b V4 
AP \ 


It is obvious that for most 


materials a plot of F 


porous 
p against would 
give a straight line with a slope [a/y 
and intercept b/\/ M 

Knudsen’s 


suggest that the criterion for molecular 


experiments led him to 


Fig. 1. Porous gloss permeability apparatus. 


Number Description 


600 Ib. sq.in. pressure gouge 
Gas-storage tank 

Coil for heating or cooling inlet gas 
1'4-in. by 8-in. pipe nipple and cops 
160 Ib. /sq.in. pressure gauge 
Mercury trap 

Porous glass membrane 
Constant-temperature bath 


= 


Leveling bulb for burette 
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Number Description 
10. Coil for heating or cooling permeated 
gas 
W Graduated gas burette 
12 50-in. Hg manometer 
13. Thermometer 
14. Mercury trap 
15. Solenoid-operocted pinch clamp 
16. Relay contact in manometer leg 
17. Water manometer 
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flow is that the mean free path be at 
and one-half times the dia 
meter of the pore. 


least two 

Knudsen (24) derived an empirical 
equation covering the three flow ranges 

1+C,P. 


/ + as ( 


, T+ 


“ 


where 7,, ts the average pressure in 
microbars, a, is the viscous flow factor, 
a, the molecular flow factor, C, is 1.253 
id Ay}. 


microbar, and d is the diameter of the 


A, ts the mean free path at one 


opening m centimeters The mean tree 
path is defined as the average distance 
traversed between successive collisions 
by all molecules present 

For flow, the rate is 


erned primarily by the 


molecular gov 
effect of the 
and not by 


deter 


collisions against the walls 


intermolecular collisions which 
mine the viscosity 

The Knudsen 
tested by 
Klose (2 
sures and discussions of these flow equa 
tions are many (77, 27, 25, 28-30, 32 


sO). 


have been 


(14) 


7) on refractories at low 


equations 


himself and Gaede and 


pres 


Flood 
Tomlinson and Flood (37) 


Investigations by Hodgins. and 


Dacev (16) 
Carman (¢ and Jones (79) showed 
the existence of another phenomenon in 
flow through media 


porous Phey ob 


served that im the flow of vapors, rates 
are greater than expected on the basis 
imal the 
proposed to eX 
Rates of flow of 


materials are 


of molecular weight occurrence 


idsorbed flow’ 
plain the phenomenon 
through 


th in 


vapors porou 


highet eX per presumably he 


cause of mobility in an adsorbed laver 
on the surface of the porous material 
In these studies, charcoal and sintered 
glass were used as porous material 
Ethyl chloride and chethyl ether were 


used, A discussion of adsorbed flow is 
presented also by Wheeler (36), who 
describes recent imvestigations of this 


phenomenon 

Jones derived the following equation 
considering the flow adsorbed 
cules over the surface of the capillarie 


(Ry 


f,,<dm 


in the ad 
and my, 


vhere O, is the rate of flow 
~orbed layer, (g.)/(see.), my 
are the concentrations of adsorbed ga- 
at the ends of the capillary in (g.) /(sq 
em.), r and / are the radius and length 
of the capillary, respectively, and f,, is 
the fraction of adsorbed molecules that 
Phis 


monomolecular adsorption 


are mobile equation is based on 


Sarrer and Grove (6) have shown 


that adsorbed flow would not account for 
the deviations observed for carbon tetra 


chloride and ammonia vapor through 
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41.95 Table 2.—Vapor Permeability Data for Porous Glass 
-_ “4.90 x Carbon Dioxide 
156K 02 1.82 28.0 026 88.7 
& sso 1.82 68.6 013 79.6 
bs 1.82 26.8 0262 90.5 
1.82 0.7 0513 102.2 
1.82 0.3 .052 102.4 
1.82 96.3 0091 77.9 
sts she 5h | of 1.82 94 0414 100.9 
Los, 560 5.85 1.82 499 0168 86.5 
Ethylene 
Fig. 2. Plot of log. permeability vs. log. temperature 1.763 80.0 01081 105.7 
1.763 55.0 01545 113.2 
Table 1.—Gas Permeability Data for Porous Glass 1.763 31.0 0232 1227 
P’, Ib./sq.in.abs. QvVT * x10 2.67 31.0 0352 122.9 
Nitrogen 1.348 31.0 01774 124.5 
40.2 14.0 82.2 P.opane (C.P.) 
40.2 24.1 83.4 1.810 80.0 0584 90.1 
40.2 35.0 84.9 1.812 65.0 .0778 97.0 
18.7 24.0 86.5 1.822 55.1 .0980 102.0 
52.8 24.0 84.1 1.822 45.3 1213 108.3 
77.2 24.0 83.6 1.795 95.0 0446 86.3 
Hydrogen 1.813 25.0 1874 125.6 
17.3 19.8 292.5 1.818 10.0 280 153.8 
18.4 25.5 293.5 1.816 5.0 320 167.3 
33.7 21.0 290.0 1.802 0.2 373 187.0 
50.2 21.0 291.5 2.345 0.2 487 254.0 
Helium 2.685 0.2 557 471.0 
23.7 24.0 214.0 2.82 0.2 584 504.0 
48.7 24.0 214.0 Butane (C.P.) 
747 24.0 215.5 1.372 79.6 1386 92.1 
Argon 1.204 79.9 1192 88.6 
23.7 24.0 71.2 1.185 75.0 1297 93.8 
47.2 24.0 71.5 1.197 70.0 1475 99.5 
747 24.0 72.2 1.276 65.0 1781 108.9 
777 24.0 71.5 1.276 55.0 .228 121.3 
Oxygen 1.199 45.0 274 143.9 
26.75 0.4 83.0 1.296 35.0 385 179.6 
26.75 77.1 80.1 1.283 30.0 450 214.5 
26.75 0.3 82.5 1.293 25.0 528 293.5 
26.75 28.4 81.3 1.447 25.0 590 509.0 
26.75 §5.7 81.0 1.476 25.0 602 566.0 
26.75 649 80.0 1.522 25.0 622 671.0 
26.75 0.3 82.9 1.553 25.0 .633 750.0 
Methane (99%) 1.331 22.0 589 498.0 
26.6 60.0 113.8 1.388 22.0 614 699.0 
26.75 40.1 115.3 1.450 22.0 641 859.0 
26.75 20.0 117.4 1.501 22.0 664 939.0 
19.4 20.0 117.9 1.533 22.0 678 985.0 
44.2 20.0 117.6 1.559 22.0 .690 1025.0 
64.0 20.0 117.8 1.586 22.0 .702 1022.0 
+@Q (std. ce.) /(sec.)(sq.em.)(em. Hg) Q = (std. Hg) 


T = Temperature, ° K 


analcite crystals at low pressure 


Apparatus and Procedure for 
Determining Permeability 


Porous glass was chosen as the mem 
brane for study because its extremely small 
pore size permits the investigation of molec- 
ular flow and the separation of gases in 
pressure regions heretofore unexplored 

Porous glass (J) is an intermediate in 
the manufacture of Corning’s Vycor glass. 
It has a fine pore structure, with a mean 
pore diameter reported to be about 40 x 
10° em. (172, 13). This diameter is smaller 
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T = Temperature, ° 


than the mean free path (about 10° cm.) of 
most gases at atmospheric pressure and 
temperature 

\ diagram of the equipment is shown in 
Figure 1 

The porous glass, sealed into a pipe cap 
with litharge and glycerin and rubber ce 
ment, was imserted into a 1'%4-in. by 8-in 
pipe nipple, with a pipe cap on the other 
end. Provision was made for gas inlet and 
outlet on the pipe caps, and also on the side 
at one end of the nipple. In an alternate 
assembly, the porous glass was sealed into 
a rubber stopper with rubber cement which 
in turn was inserted into the pipe cap and 
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nipple. The former method was found to 
be more satisfactor The outside area of 
the membrane was 44.63 sq.cm., and the 
thickness was 1.2 + .01 mm 

The permeability of the porous glass was 
determined by observing the time required 
for a definite volume of gas to pass through 
the porous glass cell for a measured pres- 
sure difference The gas which passed 
through the membrane was collected at at- 
mospheric pressure and temperature in a 
graduated gas burette. The pressure differ- 
ence was measured with either a 50-in. Hg 
manometer or a Bourdon-type pressure 
gage. The gas collected in the burette was 
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Table 3.—Summary of Permeability Data 


413 
428 
470 
444 
465 


292. 

214. 

117.7 
84.0 
88.* 
82.2 
71.5 
73.° 
48.* 


33.2 
5.2 
191.1 
126.0 
282.9 
154.3 
151.0 
304.1 
369.0 
426.0 


Hydrogen 
Helium 
Methane (99%) 
Nitrogen 
Ethylene (C.P.) 
Oxygen 

Argon 

Carbon Dioxide 
Propane (C.P.) 
n-Butane (C.P.) 


452 


8 


484 
366 


kK, X 1 sQVF x 10° 
8 


PROPANE 


BUTANE 


0.6 


| 
0.5 0.7 


Fig. 3. Permeability data for propane and butane 


maintamed at atmos al 
lowing the displaced fluid low from the 

burette at the 
\ stop watch timed a 
(usually from 10 ¢t 
on the upstt wile 


init 


n Extrapolation of permeabilities 
same 


cetinite 


would yield 
“true” mo ow permeability 
stant A, 1 hould be no id 


the 


con 


oft the porou to 


gas sufficienth 
pressure 
glass membrane 
a pressure regulator valve 

The cell assembly wa immersed i 
a constant-temperature bath, or the et and 
apparatus was placed in a constant-temper 1 were found t r ethylene were plotted again 


pene ) th’/P, ima 
ature room. When the cell was plac q re pressure over the pres rang similar manner. Variations m 
the constant-temperature it 


tubing \ ited (Table 1) TI i 1 ot cat 
entering gas would sath tempera tha th tained by \ it temperature, 
ture before enter hence J’ hat Ay 
was placed at the t! llow the ga ! 
entering the burette to come to atmosphert 
temperature betore rit burette 

\ saturated 
was the displacet 
minimize absorption 


iccoul 


Was? ained constat 


theoreti 
s either | 

tire yilities of carbon dioxide 
the case 


ethylene were ob 


yas wpre 


copper 
and 


ing the cell stratlar Was 


iverage pres 
pect 


loridk 


Comment 


In order to permeabilities 
taken at different temper res, th 
called 
detined as equal to O \ 
tion (1) 
be independent of absolute temperatur: 
T, tor 
that for oxygen, A, 
the plot ot In O v 


compare 


stance 


ubstance beg 


From Equa 
it can be seen that kK, should 
any one gas. Figu show It of flow in a mobile ad lay Ky, for 


rapolated value 


same 
slope 
This compares well with the 
Knudser 


tlow. it the physi 


These 
ith the exception of 


with slope equal to 

figure, data for methane give a 
ot —0.573 
theoretical 


ra ta i point 
to a lower pre | 


sure, Or a er ten 


value of 50 tor iture, should give values of permeal butane quite low. The remain 


It may be possible th constants in which adsorbed flow der are wit range of experimental 


cal properties of the membrane itself are 
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not contribute. The intercept Lccuracy ould be noted that the 
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2 ; 
4 
9006 16 
28 
28 
800 32 465 
40 
44 471 
a 
| 58 
a * Extrapolated values 
— P/Po 
02 4 
40 
60} 4 
300 
40> 4 
> 
f ? fei A | 
4 
10 0.20 
ne 
uch 
like 
i as shown in Table 2. It is apparent that ubstance As might be expected, the 
—— some phenomenon other than molecular phenomenon of adsorbed flow is ob 
flow taki place These data could erved at onedition near or below the 
ratio, /”/P,, that is, average pressure, /”, ing studied, when the Ein 
ot kK, tor 
ind 
Figure 4 
of the 
ol the dsorbed fle vould inf the 1 por ine plotted igainst ther re 
an increasing amount ot vapor ad rbed pective molecular of log 


Fig. 5. log permeability vs. log molecular weight. 


slope of this line is —0465 compared 
with the theoretical value of —0.50. This 
deviation from theory is due probably 
to experimental errors, and may account 
for some of the deviations of calculated 
values in Part IL of the paper (see Table 
3-a summary of permeability data ). 

The low value of extrapolated pet 
meability for butane cannot be explained 
on the basis of adsorbed flow. It is 
possible that the size of the relatively 
large butane molecule may account for 
the low permeability. Some of the 
smaller pores may be blocked, or made 
ineffective, by the large butane molecule. 

Some preliminary evidence indicated 
that the permeability of butane and pro 
pane reached a maximum value and de 
creased sharply at high P?’/P, ratios. 
Permeabilities, determined when the 
ratio of upstream pressure to vapor 
pressure was greater than 1.0, were 
lower than all other values, but because 
of an unstable condition, no definite 
value of permeability was obtained. 

\ great uncertainty was involved in 
the determination of the vapor permea 
bilities because of the problem of equili 
brium. The attainment of the steady 
state of flow often took a rather long 
time. The flow rate was sensitive to 
extraneous adsorbed materials, such as 
moisture or the previous gas tested. 

Jones (79) equation for mobility of a 
monomolecular layer would not be ex- 
pected to apply in this case since it has 
been shown (8) that adsorption of bu- 
tane on porous glass is of the multi 
molecular, or multilaver, type. 


constant 

constant 

@ constant 

diameter of pore or duct 

fraction of molecules striking wall and 
emitted with random velocity dis- 
tribution 

flow rate per unit pressure drop 
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fraction of feed gas permeating mem- 
brane 

permeability constant (Q \ T) 

membrane constant (Q \/ TM) 

length of pore 

molecular weight 

gos flow rate, (std.cc.)/ min.), or 
(moles) /(unit time) 

absolute pressure on downstream side 
of membrane 

absolute pressure on upstream side of 
membrane 

average pressure (P + p)/2 

vapor pressure 

pressure drop across membrane 

corrected gas permeability, (std.cc.) 
(sec.)(sq.cm.)(cm.Hg \P) 

radius of pore 

average radius 

gas constant 

area of membrane, sq.cm. 

absolute temperature 

mole fraction of component in gas 
mixture on upstream side of mem- 
brane 

mole fraction of component in gas 
mixture on downstream side of 
membrane 


Subscripts and Superscripts 


deci 
deci 
Pp g 


feed gas 
unpermeated, or high pressure outlet 
gas 
p permeated gas 


Greek Letters 


Q./Qu, or My, ratio of per- 
meabilities 

N,/Q.S 

coefficient of slip 

N./N, 

viscosity 
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Drop-Size Distributions 
From Spray Nozzles 


G. M. Turner and R. W. Moulton University of Washington, Seattle, Wash 


he performance of spray nozzles is 

of technical interest because of varied 
industrial applications, especially spray 
drying. In spite of the sometimes high 
value of materials handled and the high 
cost of some type of spray equipment, 
exact design procedures are not, in gen- 
eral, available. Consequently, a consid 
erable amount of uncertainty is involved 
in the design and construction of such 
equipment, and occasionally it proves im- 
possible to produce specified results from 
the apparatus under any circumstances, 

Chis uncertainty in design is due to a 
which are 
pletely known, such as the air-flow pat 


number of factors incom 
terns in the apparatus, the droplet ve- 
and 
sur- 
lack 
ot knowledge of the droplet-size distri 
butions produced by 


locities and trajectories, and mass 
heat-transfer rates at the droplet 
laces. One of the difficulties is the 
various types of 
The purpose of this work was 
to obtain some information on droplet 


nozzles. 
size distributions produced by certain 
pressure nozzles. The investigation was 
concerned with the size distribution of 
the droplets produced by a few commer 
rather than with the factors 
of nozzle design which ultimately con 
trol the action of and the 
problem is treated from an empirical, 


cial nozzles, 
the nozzles, 


rather than a theoretical approach. 
Although the use of spray nozzles to 
subdivide liquids into droplets is wide- 
spread, the process involved is not well 
understood. The limited amount of 
drop-size data im the literature is not 
accompanied by an entirely satisfactory 
correlation, even on an empirical level; 
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ind there is no complete theoretical 
treatment, 

The manner of breakup of liquid into 
droplets has been qualitatively discussed 
by Castleman (7) for air atomizers, and 
by Fogler Klemschmidt 


The large number ot 


and ion 
pressure nozzles. 

involved has 
utility of inalysis 
Empirically, Nukivama and Tanasawa 
(72) developed dimensional equations to 
then 


nozzles 


variables prevented any 


great dimensional 


represent results with small au 


atonnuzing Lewis, et al. (9), 
suggested the applicability of the equa 
to data 
the 
much to be 


Jovee (A), 


tions for pressure nozzles, al 


though size-frequeney — equation 
Others 
Longwell have applied 


(73) to 


leaves desired 


Rosin-Rammiler 
spray size-frequency data. 


the equation 

In the present work, preliminary size 
frequency data mdicated that the above 
mentioned methods of representation 


The Nuki 


yvama-Tanasawa distribution equation 


were not wholly satisfactory 


an 


(1) 
dx 


graduated the measured trequencies ack 
quately where they were not zero, but 
above the largest observed sizes, the cal 
culated 
distressingly high 


number-frequency curves were 
This equation often 
gives surface-mean droplet diameters 
larger than any ot the observed droplets 
et al. although, on 
the 
to be less even than the 


does have the advantage that the range 


as noted by Lewis, 
the 
mean diameter 


average, one expects surtace 


mass- or volume-mean equation 
of sizes in any spray from a given nozzle 


is described by one constant, g. The 


Rosin-Rammiler equation 


R O (2); 
gives a better fit to the data, although it 
still “tail” the 
largest sizes observed. One would ex 
pect to find some maximum-size limit in 


has a noticeable above 
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a spray cloud, In this equation the ex 


ponent .V describing range ts not mde 
pendent ot mean droplet diameter tor a 
given nozzle. Both of these methods use 
wi iphical determimation of the constant 
of the equations. The resultant simpli 
fact that in both 


cases the method of plotting tends to ob 


itv ts outweighed by the 


scure instead of minimize deviation 
from the assumed function 

In an effort to find a more appropriate 
several standard 
tried 


and 


size-trequeney tunction 


curve-fitting methods were among 


curves (2) 


them Pearsons’ everal 
series based on the probability funetion 
None of these methods tits the data sat- 
hinally, an empirical modi 


the 


istactorily 
fication ot logarithmic-probability 
function was deve loped to tit the experi 


mental data 


Experimental 


The work here reported involved spraying into 
air liquid organic materials fusing well above 
room temperature. The sprayed material was 
allowed to freeze before falling onto the collect- 
ing 
preserved for measurement regordiess of later 
The collected 


surface. The sprayed droplets were thus 


handling sprayed powder was 
sompled for microscopic-size determination, avoid 
ing sampling errors due to nonuniformity of the 
spray pattern 

Two designs of nozzles were used, both hollow 
cone pressure nozzles, in which the liquid enters 
tangentially a whirl chamber behind the orifice, 
from which it leaves as a hollow sheet (Fig. 1). 
The sheet moves out in the form of a hollow 
cone, os it breaks up into droplets a short dis 
tance from the orifice. The nozzle parts are of 
the same size in diflerent capacity models of the 
some design. Thus for neither design is there 
complete geometric similarity among nozzles of 
different capacities. The nozzles used were made 
by Sproying Systems Co 

Meterials sprayed were beta naphthol and 
benzoic acid, which were distilled between runs 
A few other 
tried but 


vorious reasons 


to maintain purity organic mo 


terials 


were found unsuitable for 
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TABLE 1.—PHYSICAL PROPERTIES OF SPRAY LIQUIDS 


Surface 
Tension 


Temp. Viscosity 
dynes ‘cm. 


c. centipoise 


Ternp. 
°C. 
Beta-Naphthol 
181.0 1.0362 
158.6 1.0528 
132.0 1.0733 


Density Temp. 
g. ce. c. 


0.939 
1.27 
2.03 


32.4 
34.6 
37.2 


Benzoic Acid 
187.4 1.024 
153.0 1.055 
133.6 1.073 


0.746 
0.963 
1.292 


WELDED 
MONEL METAL 
SCREEN 


PIPE CONN 


1/4 LN 


Since the literature affords limited data on 
the physical properties of these materials as 
liquids above their melting points, the density, 
viscosity and surface tension were determined 
(Table 1). The 


obtained in an oil bath. 


necessary temperatures were 
Densities were deter- 
mined from the loss in weight of a Pyrex glass 
shot-weighted bob, whose volume was deter- 
mined by loss of weight in water at room temper- 
ature and corrected for thermal expansion of 
the gloss. Viscosities were determined by means 
of a Pyrex gloss viscosimeter calibrated 
The 


os a 


when containing 5 ml. of water at 20° C. 


material was cdded to the viscosimeter 
powder in weighed amounts to give 5 ml. at 
the 


thermal expansion of the glass were calculated 


the desired temperature. Corrections for 
and found to be negligible with respect to 
timing errors. Surface tensions were determined 
by the ring method. The measured dimensions 
of the ring and the Harkins and Jordan (6) 
tables were used to calculate the surface ten- 
sions from the measured force maxima. 

The spray material was melted in a pot made 
from a piece of 3.in. steel pipe 5 in. long, closed 
by steel end plates 


at the 


The rozzle was mounted 
center of the welded bottom plate, while 
pressure for spraying was applied through a 
In the 
later runs a welded liner of 16-gauge stainless 


flexible connect’on to a gas cylinder 


steel was inserted to avoid attack by molten 
benzoic acid. 

The electric heaters used were manually con- 
trolled by adjustable avtotransformers. The tem- 
perature was measured by means of iron-con- 
the 


thermocouple in the liquid line close to the 


stantan thermocouples; indication of a 
nozzle was taken as the spray temperature. 

To avoid the necessity of a liquid-line valve, 
the pot was mounted on pivots. Just before 
spraying, a weight pulled the pot around against 
a stop placing the nozzle in spraying position. 
At other times the nozzle wos above the liquid 
level. 
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Fig. 1. Nozzle designs 


/8 A 


Nprauing Suyatema Co 


The spray pot was mounted at the top of a 
space 4 ft. square by 10 ft. high, enclosed so 
that the spray powder could not drift awoy. 
Eight inches below the spray position of the 
nozzle the sprayed material was intercepted by 


a tray unless it wos pulled out of the way 


Phe 


is follows 


procedure in making a run was 


The pot was filled with the (solid) material to 
be sprayed and placed in the pivots with the 
When the 


material had been heated to the desired tem 


nozzle in the horizontal position. 
perature, the pot was tipped down to the spray 
position and spraying started by admitting car- 
bon dioxide under a predetermined pressure into 
the pot. As soon as the pressure gauge was 
steady, the tray wes pulled out of the way, and 
a stopwatch was started. At the end of the de- 
sired period, the tray was returned under the 
nozzle and the watch was stopped. At once, 
the valve from the pressure regulator was closed, 
and a cock was opened to release the gas pres- 
sure in the spray pot. The pot was then tipped 
up to prevent further drip from the nozzle onto 
the tray. 

After a lapse of a few minutes to allow 
settling of the finest material, the paper sides 
of the chamber were tapped to knock down any 
dust that had settled on them. Papers on the 
floor of the chamber were then picked up, and 
the powder carefully shaken and brushed into 
a beaker for weighing and sampling. The flow 
rate was determined from the weight of moteric! 
collected and the length of the spray period 

For sampling, the weighed spray material was 
dumped onto a sheet of aluminum foil, and 
gently but thoroughly mixed by means of a 
spatula. The pile was then split repeatedly, until 
the originel sample of more than 100 g. was 
reduced to about 1 g., which wos then suspended 
in about 50 mi. of mineral oil. 

While this suspension was stirred violently, o 
few drops were withdrawn ond placed on a 
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After 
a few minutes settling time, a slide was placed 
The slide 


was examined by vertical projection onto a 3'4- 


square cover glass rimmed with Vaseline. 
on the cover glass and turned over. 


by 4'4-in. ground glass in a microscope camera. 
A transparent rule wos used to measure the 
images, which were counted in groups corre- 
sponding to steps of 204 or 10yu in particle 
diameter. Fields were counted according to a 
checkerboard pattern covering the entire area 
inside the Vaseline rim. Porticles were generally 
measured in about ninety fields per slide, al- 
though the more frequent smaller particles were 
counted in only twenty-five of these fields. From 
one to three slides per run were counted, the 
usual number of port'cles counted being obout 
1000, with the adjusted total being roughly 2000 
for a run. 


Empirical Size-Frequency Function 


Inasmuch as size-distribution 
data considerably 
straightened by plotting on logarithmic 
vs. cumulative probability coordinates, 
an empirical method based on the loga- 
rithmic probability function was devel- 


oped, 


spray 


usually can be 


Use of this function has a quasi- 
theoretical basis in that a repeated ran 
dom process which results each time in 
growth or diminution by constant 
tors leads to 
distribution, 


lac- 
a logarithmic-probability 
Epstein (3) 
numerically how a crushing process can 
in this way lead to such a distribution. 

The procedure used is to calculate the 
appropriate mean size and standard de- 
viation the 


Ratios of the experimental fre 


has showed 


from observed frequency 
data. 
quencies to those obtained from the log- 
probability function 
with the same mean and standard devia- 


tion 


arithmic normal 
are then calculated and used as an 
empirical-adjustment curve. 

The volume frequency vs. size distri- 
bution must be than the 
number-size distribution, since unavoid- 


used rather 
able errors in collecting and measuring 
the numerous smallest droplets make the 
number frequency more subject to error. 
\lso, the volume frequency is usually of 
more practical utility. 

The characteristic size, 2’, is defined 
by 
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PATTERN By Come 
159.6 
4 Sy 
182.9 183.4 26.0 
| 157.2 157.3 28.2 
131.3 131.5 30.8 
= 
\ 
— 
~ 
. 
a 


tnx log a 


log 2’ (3) 


The range of sizes is measured by the 
logarithmic standard deviation, again on 
a volume basis: 


Sux { 


It was found that, while o varies some- 
what 
little 
The e 


much 


from one run to another, 
trend 


there is 


or no for a given nozzle 
ffect of fluctuations in counting is 
greater on o than on log x’. Thus 
desirable to obtain 
by averaging the values ob 
individual The method 


a variance, 


it is an improved 
estimate, ao’, 
tained 


runs 


chosen was to average o*, as 

weighting the values of o* by the ad 

justed number of measured particles 
The logarithmic probability 


may be written 


function 


q 


where 2 is detined by 


(6) 
Inasmuch as the experimental data are 
obtained in terms of « rather than z, a 
useful form the logarithmic 


probability function is obtained by set 
ting 


t(x)da 


more ol 


(s)ds (7) 


where f(x) is the frequency function on 
an arithmetic scale transformed from the 
prol ability 
scale. As 


tunction 
a result, 
] 


23030x 


on logarithmie 


f(x) (8) 

While there are many tabulations of 
the probability the 
ones used in this work are the four-place 
table in the “Handbook of Chemistry 
ind Physics” (7), 


places 


function available, 


and where more 
needed, the “Mathematical 
Tables Project” tabulation (77). 

The departure the observations 
from the logarithmic probability 
tion is sed by introducing into 
Equation (8) an adjustment factor K 


were 


of 
lunc- 
expres 


(9) 


So far, no assumptions have been made 
about the nature of AK. One might ex- 
pect, however, that A would not depart 
far from unity for most of the observed 
size range, and that it would go to zero 
to express the impossibility of finding 
drops beyond some maximum-size limit. 
There is no a 
that the 
function 


priori 
deviations 


reason 
the 
would 


to expect 
Irom 
(8) 


reterence 

[ Equation not 
with different spray runs. It 
turns out, however, that the curve of K 
against is, for of the 1 


chat ge 


any ozzles 


one 
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examined, practically independent of the 
particular conditions of a spray run 
The differences among the curves for 
individual runs with a given nozzle ap- 


pear to be random. These differences 


2x) — log x)? 


the K's are obtained 
from the experimental data by use of o” 


are decreased if 


for the nozzle in calculating the size 
and kor 
fix) in Equation (9) ts 
the observed volume fre- 
The K vs. z data, 
nozzle, 
an average curve for the 


variable in Equation (9). 


this purpose, 
replaced by 
quency 
obtained for each 


sO were 


grouped and 


TABLE 2.—SPRAY RUN DATA 


Flow 
rate 

gal./ 
sec. 


Run Mate- 
num- rial 
ber sprayed 


Press. 
$q.in, 


Nozzle 


Temp. 


34 
59 
127 
32'2 
51 
88 


1.84 
2.36 
3.36 
2.00 
2.45 
3.07 


‘a: Orifice diameter 


Sur- 
face 
ten- 
sion 
dynes 
cm. 


Vis- 
cosity 
centi- 
poise 


Den- 
sity 
g. 


723 u 


1.063 
1.061 
1.064 
1.073 
1.072 
1.072 


1.13 
1.09 
1.14 
1.93 
1.90 
1.90 


30.1 
29.5 
30.0 
36.9 
36.8 
36.8 


Nozzle '4: Orifice diameter 


3.46 
4.59 
5.57 
6.36 
3.26 
3.68 
4.34 
4.99 
5.66 


1.86 
1.96 
1.98 
1.89 
1.06 
0.94 
0.97 
0.97 
0.97 


155 
138 
125 
WW 
152 
134 
116 
108 
104 


Mean 


180 
199 
184 
178 
217 
201 
204 
183 
1906 


Nozzle '4: Orifice diameter 


34 
45\4 


3.83 
4.30 
5.03 
5.99 
3.03 
3.59 
4.98 
2.99 
3.43 
4.64 
5.47 
6.67 
3.57 
4.09 
7.02 


Nozzle ‘4: Orifice diameter 


32 
62 


8.05 
11.2 
15.9 

8.60 
11.8 
17.2 


BN 
BA 


1.89 
1.80 
1.98 
1.98 
0.94 
0.94 
0.96 
0.84 
0.84 
0.84 
0.86 
0.90 
1.14 
1.18 
1.25 


1521 


1.063 
1.059 
1.061 
1.071 
1.070 
1.071 


1.17 
1.07 
1.12 
1.86 
1.83 
1.86 


29.7 
29.3 
29.5 
36.8 
36.7 
36.8 


Beta Naphthol 
Benzoic Acid 


Continued on poge 188) 
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microns 
1 BA 143 98 164 
2 BA 146 79 086 
4 BN 133 16 193 
5 BN 134 103 190 
¢ (3) 
— \/ 2a 6 BN 134 95 105 
Mean 1488 
7 BN 135 34 1.071 36.8 190 
€ BN 132 44 1.073 37.0 
9 BN 131 62 1.074 37.2 
10 BN 134 89 1.072 36.8 
’ 12 BN 182 33 1.036 32.4 
13 BN 180 46 1.038 32.6 
14 an 180 63 1.038 326 
15 BN 180 85 1.038 32.6 
16 BN 134 | 1.072 36.8 158 180 
17 BN 137 1.070 36.6 136 176 
18 BN 13) 63 1.074 37.2 117 177 | 
19 8N 13) 89 1.074 37.2 104 182 
20 BN 182 27 1.036 32.4 137 151 
21 BN 182 43 1.036 32.4 120 175 
22 BN 180 84 1.038 32.6 104 168 
23 BA 170 27 1.040 27.3 116 165 
24 BA 170 37 1.040 27.3 116 159 
25 BA 170 63 1.040 27.3 87 162 
26 BA 168 89 1.042 27.5 85 167 
27 BA 166 126 1.043 27.7 84 178 
28 BA 142 35 1.065 30.0 112 154 
; 29 BA 139 46 1.069 30.2 108 174 
2.3030x Mean 1720 
31 BA 144 a 149 176 
32 BA 148 135 204 
33 BA 146 122 115 193 
34 BN 135 34% 186 194 
35 BN 136 60 152 204 
36 BN 135 122 142 21) 
Mean 1990 
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nozzle calculated. For high negative 
values where the value of K 
changes markedly within each block, the 
mean K's calculated. 
the arithmetic average A 
Inasmuch as the averaged K 
vs. s curves for the individual nozzles 
were similar in form and showed small 


of 
geometric were 
Elsewhere 
was used, 


quantitative differences, these average 
curves were combined, and equations de 
termined, derived to express the over-all 
average. These equations are 


kK 1.048 + 0.253¢ - 


log K 1.362 


(11) 


0.6712(2 


Equations (10) and (11) are plotted as 
Figure 2. While these values have not 
been adjusted to bring the area under 
the resulting 
unity, the integral is within one per cent 


size-frequency curve to 


Table 2.—(Continued) 


(0.062022 — 0.082423 - 


of unity (1.0074). Equation (10) is 
derived by the method of least squares, 
which indicates a r.m.s. error of .15 in AK, 
although in the region of large frequen- 
cies the fit is actually better. A’ goes to 
zero at a value of 2 little 
high, and it is here that the largest er 
rors in A enter. The practical effect of 
this error is slight. Equation (11) 1. 
obtained graphically. 


which ts a 


The form of size-frequency curve ob- 


(—20=22=2.5) K O(s = 2.5) 


tained is shown in Figures 3 and 4, in 
which the experimerital data are plotted 
The 
smooth curves are obtained from Equa 
tions (9)-(11), using in each case the 
mean size derived trom the data for the 
run and the average standard deviation 
for the nozzle. The small bump in the 


as volume trequency histograms. 


Vis- 


Run Mate- Press. rate cosity Den- sion , 
num- rial Temp. Ib. gal. centi- sity dynes x 
ber sprayed c. sq.in. sec. poise g. cc. cm. microns 
Nozzle '*: Orifice diameter 1440 « 
37 BN 136 33 10.5 1.86 1.070 36.7 180 198 
38 BN 135 47 12.4 1.86 1.070 36.8 176 196 
39 BN 142 89 17.0 1.67 1.066 36.1 154 199 
40 BN 130 125 20.8 2.02 1.075 37.2 143 .186 
4! BN 180 34'2 9.72 0.97 1.038 32.6 156 191 
42 BN 182 44 10.9 0.95 1.036 32.4 144 194 
43 BN 180 63 12.6 0.97 1.038 32.6 144 195 
44 BN 182 89 14.4 0.94 1.036 32.4 138 194 
Mean .1936 
Nozzle ‘s: Orifice diameter — 1460 « 
45 8N 133 34 11.4 1.92 1.072 37.0 214 .192 
46 BN 130 374 12.0 2.02 1.075 37.2 207 .201 
47 BN 130 45 13.2 2.02 1.075 37.2 189 .205 
48 BN 134 55 14.4 1.90 1.072 36.8 182 194 
49 BN 134 62 15.2 1.90 1.072 36.8 173 .204 
50 BN 130 88'> 18.3 2.02 1.075 37.2 166 .206 
5) BN 136 117 20.4 1.82 1.070 36.7 141 .201 
52 BN 34'4 10.0 0.90 1.034 32.2 173 
53 BN 18) 42'2 Wa 0.96 1.037 32.5 162 .186 
54 BN 179 62 13.6 0.98 1.038 32.7 145 191 
55 BN 182 89 15.6 0.94 1.036 32.4 134 195 
56 BA 174 33 9.12 0.81 1.037 26.9 148 172 
57 BA 136'2 33 10.2 1.22 1.069 30.4 165 174 
58 BA 146 45 11.7 1.09 1.060 29.5 154 .188 
59 BA 142 6) 13.3 1.14 1.064 30.0 145 .200 
60 BA 142 123 18.6 1.14 1.064 30.0 19 191 
Mean 1930 
Nozzle ‘s: Orifice diameter — 2030 « 
61 BA 142 34 20.5 1.14 1.064 30.0 203 .206 
62 BA 137 43\2 23.2 1.21 1.069 30.4 187 .202 
63 BA 142 62'2 26.9 1.14 1.064 30.0 186 .226 
64 BN 130 33 21.9 2.02 1.075 37.2 227 (.239) 
65 BN 136 43 24.8 1.82 1.070 36.7 219 .204 
66 BN 130 61 27.9 2.02 1.075 37.2 192 .204 
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curves in the region of small sizes 1s 
due to the change of equations, and is 
not inherent in the data. Typical meas 
ured size distributions are presented in 
Table 3. 


Droplet-Size Data Correlation 


As was mentioned previously the tac- 
tors and relations governing the mean 
size, 2’, are so complicated that dimen- 
sional reasoning is of little help. Conse- 
quently, empirical treat 
ment of the mean sizes was used. Data 
of the various runs were combined inso- 
far as seemed justifiable, and were fitted 
to functions of the form 


a completely 


pt (13) 


These functions were fitted to the data 
by converting to the logarithmic form 
and using the method of least squares 
Each run was weighted equally. Figure 
5 is a plot of mean size against flow 
rate. The run tabulated im 
Table 2. 


The following equations were chosen 


data are 


as the best representation of the experi 
mental data each type of 
tested. 


tor nozzle 


2 3 


| 


Fig. 2. Adjustment factor, K vs. size variable, Z 


For the four 1/4/.N nozzles (36 
runs}, 
x’ 16.56/)! 4445.0 Taye 
(mean error—S% ) (14) 
For the two 1/84SS nozzles (21 
runs), 
x’ 41 4p! 5370 104 220 
(mean error—5% ) (15) 


The small range of densities made intro- 
duction of this variable unjustified, as 
shown by significance tests. 

\ plot of the 1/841(4) data as mean 
diameter 2” against flow rate w shows 
a markedly different slope from that for 
the other two nozzles of this design. As 
this was a brass nozzle, only beta naph- 
thol runs could be made; and the result- 
ing variation physical properties 
proves to be insufficient to separate the 
effects of surface tension and viscosity. 
The only reliable exponent obtained is 
—0.38 on the flow rate. 
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(10) 
and 
Sur- 
face 
Flow iz ten- 
Bey sar" 
— 
t 
Mean .2048 
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FREQUENCY, f(x) 


FREQUENCY, f(X) 


RUN 32 


Droplet diameter, X (Unit of measurement 


5 


10 


20 


20) 


25 


Fig. 3. Size-frequency curve. 


RUN 40 


Droplet diameter, X (Unit of measurement 


5 


10 


15 20 25 


20u) 


Fig. 4. Size-frequency curve. 


160 


MEAN SIZE, MIC 


8 
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10 


14 


16 18 20 25 


FLOW RATE, G/SEC. 


Runs 37-66. 


A nozzles. 


Fig. 5. Mean size, x, vs. flow rate, W. 
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The standard deviations for each noz 


zle, a’, were correlated with nozzle ori 


fice diameter by the equation 


o’ 0.173 + 0.126 log DD (16) 


deviation of 0.0085 or 
The correlations of mean 


with a 
of the mean. 
droplet sizes and of standard deviations 


hold only for the particular nozzles 
tested, and can be considered only as 
frst approximations for other nozzles 


even of identical design 


Errors 
There are two main types of error en 


The 


imto the experimental data 


first category imeludes the errors due to 
neglect of some of the processes occu 
ring in the spray, the second includes 


sampling and measurement errors 


In the correlations of mean drop siz 
Vs. spraying conditions, the liquid pro 
taken as those of the liquid 
shortly before it leaves the nozzle. The 
temperature change during liquid break 
up the ot dey 
Centigrade, A certain amount of recom 
Innation of liquid droplets takes plac: 
the of breakup and of 


The result of the temperature 


perties are 


Is of ordet several rees 


between 
treezing 


and recombination uncertainties is 


uncertainty im the reliability for a par 
ticular purpose of the results obtained 
This disadvantage Is Offset by the ad 


the 
cedure available when the droplets can 


vantage obtained im sampling pro 


he sampled as a frozen powder 
here 


sampling 


the 
ot 
the 
care taken, and comparison of different 
for the 
these errors 


ire possible errors m 


technique used because 


segregation, of incomplete mixing 


slides same spray indicate that 


small. Errors in meas 
will result 
being recorded in a group ad 


jJacent to its proper place; the net effect 


are 


urement mm most cases m a 


particle 


of all such errors is probably small 


Some additional error in the correla 


tions results from the necessary. but 
arbitrary, simplicity of the exponential 
equation Without a theoretical treat 


ment, no other form is obviously preter 


able. In view of the lack of geometrical 


sumilitude among nozzles, the use of 
orifice diameter alone to describe the 
nozzle is also an over sunplifieation 
Comment 

For a few nozzles, the three kind 
of intormation are required to de 
scribe the drop 174 produced by a spray 
nozzle: the form of the distribution 
curve, a measure of the range of size 
and the characteristic ize for each 
pray 

It is convenient that the form of the 


function does not importantly 
either among runs or among the nozzk 
tested. It that the 


range (standard deviation) can be taker 


Vary 


also convenient 


Is 
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TABLE 3.—TYPICAL MEASURED-SIZE DISTRIBUTIONS 


Run 
number 6 10 19 


x 
microns 


1053 


95.4 


Group 
width 
microns 


173 
121 
66 
43 
33 
27 
20 
9 

7 

2 

5 

2 

2 

1 

1 

0 


Adjusted 
total 


*Adjusted 


2008 


as a constant for a given nozzle, and 
for the nozzles used, can be approxi 
mated as a function of the orifice dia- 
meter. As a result the variations in the 
entire drop-size distribution can be rep- 
resented by those of a single quantity, 
the mean droplet diameter, x’. This sim- 
plicity of treatment is achieved without 
any particularly arbitrary assumptions 
about the form of the data or the nature 
of the break-up process. It remains to 
be proved just how generally these func- 
tions can be applied. 

An advantage of the size-distribution 
representation developed here is that 
Equations ‘9)-(11) can be used to cal 
culate the coordinates for graph paper 
similar to logarithmic-probability paper. 
Drop-size distributions similar to those 
of this work plot as straight lines on 
such coordinates, with attendant simpli- 
fication in the approximation of the 
mean size and standard deviation, This 
simplification somewhat less 
violence to the data than straight-line 
methods mentioned previously. In con- 
trast to ordinary logarithmic-probability 
coordinates, these plots show a definite 
maximum size limit. 

Some useful general conclusions can 


involves 
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2414 2885 3969 


be drawn as to the magnitude of the 
effects of the variables correlated. 
mean drop size is proportional to the 
orifice diameter to approximately the 1.5 
power when the flow variable is weight 
rate; if this be converted to a velocity 
term (w/D?), the drop size is propor- 
tional to the 0.5-0.6 power of the dia- 
meter. This is in accord with the re- 
sults of Joyce rather than of Longwell. 
The range of the distributions, expressed 
as standard deviation, increases with 
nozzle size and is unaffected by other 
variables studied. The weight flow rate 
enters to the minus 0.38 to 0.58 power, 
in approximate accord with the results 
of other workers, but emphasizing the 
great importance of slight differences in 
manufacture among nominally identical 
nozzles. The surface tension is of major 
importance, appearing to powers from 
six tenths to unity. The viscosity is of 
less effect, entering as the fourth root 
or less. No conclusion can be drawn as 
to the effect of liquid density. The effects 
of other variables have not been deter- 
mined, 


Notation 
oa i ion (1). 


Also, expo- 
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The 


nent of D in Equation (13). 
in Equati (1). Also, ex- 
ponent of w in Equation (13). 
= exponent of py in Equation (13). 
exponent of 4 in Equation (13). 
2.71828. 
frequency function graduating experi- 
mental-size distribution. 
= number of particles counted. 


exponent in Equation (1). 
= flow rate, g./sec. 
= droplet diameter, units of measure- 
ment group width. 
mean droplet Units os 
above, or for correlation, microns. 


diameter. 


= logarithmic size variable, Equation (6). 
coefficient in Equation (13). 
= nozzle orifice diameter, mm. 
adjustment factor, Equation (9). 
= exponent of Rosin-Rammler Equation 
(2). 
= volume fraction smaller than size x, 
Equation (2). 
logarithmic standard deviation, Equa- 
tion (4). 
= mean o for nozzle. 
probability function, Equation (5). 
= liquid surface tension, dynes/cm. 
liquid viscosity, centipoise. 
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Mm transfer between a surface and 
a moving stream of liquid or gas 
is an important factor in controlling 
rates in numerous chemical engineering 
operations, such as absorption, extrac- 
tion, leaching, drying, adsorption, and 
ion exchange. 

In processes where external mass 
transfer is the principal rate variable, 
the effect of velocity of the fluid stream 
on the rate-transfer coefficient is re- 
quired for design purposes. A survey of 
the recent literature in the fields of ad 
sorption and ion exchange showed that 
considerable discrepancy exists in the 
effect of velocity on the over-all rate 
constant. Table 1 summarizes these find- 
ings. Where there is no dependence on 
velocity, it might be assumed that in- 
ternal pore diffusion or slow chemical 
reaction is controlling. For the other 
examples cited, the fluid-film resistance 
was predominant and the rate constant 
varied with a power of the mass velocity 
which ranges from 0.23 to 1.0. In some 
cases, the modified Reynolds number 
range was the same, but the exponents 
given by the investigators were different. 
The exponent, nm, of 0.5 appears often 
when a correlation with velocity is at- 
tempted. Mecklenberg and Kubelka 
(27) were the first to explain the in- 
creasing rate constants with flow rate 
in packed beds in terms of the Nernst 
theory of a variable boundary-layer 
thickness. They found that the rate con- 
stant varied directly as the square root 
of the velocity. 


Mass Transfer in Packed Beds at Low 
Reynolds Number 


C. E. Dryden, D. A. Strang, and A. E. Withrow 


Battelle Memorial Institute, Columbus, Ohio 


This paper presents experimental data for the transfer of mass from 
solid pellets in packed beds to water flowing at low velocities in the 
surrounding voids. Solids employed were 2-naphthol and benzoic 
acid. Two new methods, one colorimetric and the other volumetric, 
have been developed for measuring low concentrations of 2-napthol. 
Data extended from Reynolds number (Re) values of 10 * to 10’. 
Together with the data of Gaffney and Drew (16) and McCune and 
Wilhelm (26), a smooth correlation, using the Colburn j factor, was 
obtained for liquids over a Reynolds number range of 10 * to 10°. 

Below Re of 5, the curve for benzoic acid shows high j factors for the 
same Re values. This explained in terms of free convection and the 
Grashof number. Other variables not prevalent in the turbulent region 
are discussed for the transition and laminar regions. The need for 
further work in all regions for both liquids and gases is pointed out 


with specific recommendations. 


TABLE 1.—LITERATURE SURVEY OF ADSORPTION AND ION-EXCHANGE KINETICS IN STATIC BEDS-RELATION OF FLUID VELOCITY TO RATE 


Investigators Type of System 


(2) lon exchange 


Solid Phase 


14-28 mesh 


CONSTANTS 


Fluid Phase 


Water, Mg++, Ca* 


zeolite 


(10) 


lon exchange 


20-30 mesh 


Water, Cut + 


zeolite 


(11) 


Adsorption 8-100 mesh 


Water, acetic acid 


carbon 


A\ds« wption 


mesh 


Water vapor, air 


silica gel 


Adsorption 


-18 mesh Air 


carbon 


Jones reductor 


16-60 mesh 


Water, Fee( SO«)s, 


lon exchange 
Adsorption 


Ion exchange 


Ion exchange 


lon exchange 


zinc 
Sulfuric acid 
carbon exchanger 
40-80 mesh 
carbon 
70-80 mesh 
Amberlite 
IR-1 
14-30 mesh 
Amberlite 
IR-120 
40-50 mesh 
A mberlite 


IR-1 


ZnSO, 
Water, Agt 


Water, acetic acid 


Water, Na*, CsCl 
Water, Cu? 


Water, Rb*+, 


* «© assumed to be 0.4 when not measured. 
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** As interpreted by original investigators. 
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Variation of Kate 
Constant with 
Velocity ,** 
ppv equation 

gu") 


0.0 


Reynolds Number 
Range Covered,* 
D 


0.0 
0.0 0.23 


0.49 


05-10 


07 
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Zz 0.7 to 3.5 
= 0.27 to 58 
(1) 85 to 850 
(8) 4 to 30 05 
(24) 0.5 to 35 0.5 
09 40 03 
(22) 0.05 to 0.97 0.5 
(4) 0.7 to 18 
(32) a 3 to 67 = 
(5) 43 to 337 1.0 


Considering the nature of the transfer 
process, one might intuitively predict 
that the exponent would range from 0 
to 1. For a strictly diffusional transport 
at the lower limit of zero velocity, there 
will be no dependence on velocity and 
nis 0. At high velocities, the decrease 
in the thickness of diffusional boundary 
laver is approximately proportional to 
the mass velocity and n should approach 
a limiting value of 1. 

Wilhelm (34) stated that transfer co 
efficients relative to 
the interface with an exponent ranging 
from 0 to 1. Data were presented from 
the work of Fisher (//4) to substantiate 
the exponent of 1 in the turbulent region, 


but none 


vary with velocity 


was available for the laminar- 
flow region 

During recent vears, mass transfer at 
a solid-fluid interface in packed beds has 
been actively investigated. Papers deal 
ing with a gas phase are quite numer- 
ous (9, 12, 18, 20, 21, 30, 33, 35). Study 
of the liquid phase has been confined, 
thus far, to three principal papers: 
MeCune and Wilhelm (26), Hobson and 
Thodos (79), and Gaffney and Drew 
(16). In all cases, the region below a 
Reynolds number of 1 was not investi 
gated. 

As a result of this work, correlations 
have been given which are subject to 
serious errors when extrapolated to low 
Reynolds numbers. Perhaps the most 
complete correlations have been recently 
reported by Gamson (1/7), but these are 
lmited because of a lack of data in the 
laminar region. Yet, 
packed beds at low-flow rates is an im 


mass transfer in 
portant consideration such commer 
cial operations as adsorption and jen 
exchange. 


Theory 


As stated previously this study covers 
results of rates of solution of 2-naphthol 
ind benzoic acid from solid spheres of 
these compounds into water. As such, 
the entire resistance to mass transter 
can be attributed to the liquid phase. 

Results are based on calculations in 
volving the following concepts and as- 
sumptions, previously outlined by Me 
Cune and Wilhelm (26): 


1. The effective driving force is a concentration 
gradient across a diffusional boundary layer 
surrounding the particles. 

2. Solute concentration at solid-liquid interface 
is saturation value at mean temperature of sys- 
tem. 

3. Low concentrations are involved at all points 
in system and simplifying assumptions will be 
made accordingly. 


In addition, the following points are 
important in considering calculations in 
viscous-flow region : 


1. No axial diffusion exists. 
2. No free convection exists. 
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The rate equation for computing a 
film coefficient, based on the assumptions 
and material well 
known and will be written without de- 


above balances, 1s 


rivation. For a differential segment, 


Wde ka,Acdl” (1) 


This equation can be integrated between 
the inlet and outlet conditions of the bed 
of solubilizing particles, if constant flow 
around uniformly dispersed particles is 
considered. The integrated equation is: 


Wes cy) ka, (2) 


For these experiments, the inlet concen 
tration of solute was that a 
convenient formula for computing k 
could be derived as follows : 


so 


(c* 


ACh, 


li b = cy/c*, cy = Oanda 
substitution of 
(2) 


23H loz 
@ 


a 


then 


values in (3) and 


gives 


(4) 


the mass-transfer co 
efficient with other principal variables 
of the system can best be done by the } 
factor of Chilton and Colburn (6). 
Before giving the 7 factor expression, 


Correlation of 


a definition is desirable for one of the 
dimensionless groups, the Reynolds num- 
ber. By expressing the length term a- 
a nominal particle diameter and the ve 
locity an average interstitial 
condition within the bed, as done prev- 
iously (16, 26), the Reynolds number 


Is: 


term) as 


Re (5) 
pe 
By dimensional analysis, the following 
correlation equation for mzss transfer in 
dilute solutions can be obtained, as first 
demonstrated by Chilton and Colburn 
(6) for turbulent conditions : 


he 
G pl 4 


The exponent, g, on the Schmidt num- 
is generally accepted to be 2/3. 
0.58 for 
Schmidt numbers ranging from 100 to 
10,000 in Hquid systems. The value of 
the exponent, m, which is equal to n — 1. 
is a function of the Reynolds number. 

One of the difficulties in obtaining 
data at low-mass velocities in’ packed 
beds is to maintain a_ flow. pattern 
through a finite depth of active (actively 
dissolving) solids and yet prevent satu- 
ration within the bed. This condition can 
be alleviated by proper choice of experi 
mental and materials, e.g.. 


ber 
Gaffney and Drew found g 


conditions 
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(2) solute which 
can be assayed quite accurately; (3) a 
system having a high Schmidt number, 
and (4) a minimum depth of active 
solids. 

To maintain a reasonable flow pattern 
where a shallow bed of active solids is 
required to prevent saturation, inert 
solids of similar geometry, such as glass 
or clay beads, can be placed on both sides- 


(1) large particles; 


of the active solids. It must be realized 
that concentration gradients in the voids 
surrounding an active particle will differ, 
depending on the activity or inertia of 
the surrounding particles. 


Experimental Work 


MATERIALS 


The 2-naphthol-water system was selected as 
The 
2-naphthol is only slightly soluble in water and 
accurate methods were developed for analyzing 
dilute solutions. The C.P. grade 2-naphthol used 
could be easily pelletized. 

Distilled water was taken from a !aboratory 
line and boiled to remove dissolved air. Boiling 
was used to prevent the formation of bubbles in 
the packed bed. 

The benzoic acid-water system was studied as 
an independent check. Although somewhat 
easier to analyze, it was more soluble in water 
and pellets had to be changed more frequently. 
U.S.P. benzoic acid was utilized in this work. 


an ideal one for low-mass velocity studies. 


PELLETS 


The 2-naphthol powder was granulated by 
melting and pouring molten liquid into rapidly 
stirred water. Large lumps thus formed were 
air-dried and ground to the proper-size granules 
with mortar and pestle. Pellets were formed in 
« Eureka single-punch tablet machine made by 
the F. J. Stokes Machine Co. No lubricants or 
binding agents were necessory. The allowable 
nominal diameter of the pellets was 0.625 cm. 
+0.015 cm. Surface area and volume of the 
pellets were computed from dimensions for the 
spherical end segments and a cylindrical middle 
section (0.21-cm. avg. thickness). 

The surface of the new pellets was smooth 
and glossy After several runs, the surface be- 
came covered with a fine powder of 2-naphthol. 
When this coating was brushed off, the surface 
had the same smooth appearance as the new 
10x glass. The 
pellets were reused until a maximum diameter 
decrease of 4% was obtained. 

Benzoic acid pellets were formed with difficulty 
from the crystalline powder as purchased. No 
lubricant or binder was necessary. Although 
more soluble than the 2-naphthol pellets, the 
surface still remained smooth and glossy after 
a run. The diameter decrease was held below 
4% by using new pellets for each run. 


one when viewed under a 


PHYSICAL CONSTANTS 


Solubility and diffusivity data as a 
function of temperature for 2-naphthol 
were taken from the paper of McCune 
and Wilhelm (26). Solubility data at 
several temperatures contirmed, 
using assay techniques described below. 


were 
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(3) 
4 | 
2.3 log 
c* 
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For benzoic acid, data given by Linton 
and Sherwood (25) for diffusivity were 
used to calculate the Schmidt number. 
Solubility data for benzoic acid were 
taken from Seidell (317). 


COLORIMETRIC ANALYSIS FOR 2-NAPHTHOL 


The method employed by McCune and 
Wilhelm for analysis of dilute aqueous 
solutions of 2-naphthol consisted of a 
coupling reaction with benzene diazon- 
ium chloride. The resulting water-in- 
soluble dye, whose concentration was 
measured colorimetrically, was rather 
unstable. 

To eliminate this disadvantage, a 
more stable water-soluble dye, Orange 
II, was formed by coupling 2-naphthol 
with the sodium salt of sulfonated ben- 
zene diazonium chloride (3). The 
method can be used for assaying concen- 
trations of 2-naphthol as low as 5 p.p.m. 
with a coefficient of variation of +1.8%. 


WATER SUPPLY- 
5-PINT BOTTLE | 


SCREW CLAMP 


CONSTANT 
HEAD TANK 


OVERFLOW 


BYPASS 
LINE 


STOPCOCKS 


COLUMN 
ROTAMETER 


OUTLET 


SCREW CLAMP 
Fig. 1. Apparatus piped for downflow operation. 


VOLUMETRIC ASSAY FOR 2-NAPHTHOL 


The colorimetric analysis was re- 
placed by a more direct volumetric tech- 
nique during the latter part of this work. 

The method was developed by Knowl- 
ton (23) for determining small concen- 
trations of unsaturates suspended or dis- 
solved in aqueous phase. It consists 
essentially of reacting 2-naphthol with 
bromine liberated by sulfuric acid from 
a potassium bromide-bromate solution 
for fixed time and temperature condi- 
tions. The unreacted bromine is deter- 
mined by titration of iodine displaced 
from potassium iodide with sodium thio- 
sulfate and starch. The coefficient of 
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variation for this method is +2.3% for 
solutions above 20 p.p.m. of 2-naphthol. 


VOLUMETRIC ANALYSIS OF BENZOIC ACID 


Samples were analyzed by titration 
with 0.025N NaOH using phenolphthal- 
ein as indicator. A standardizing plot 
was developed using known concentra- 
tions of benzoic acid. 


APPARATUS 


The apparatus used is shown in Figure 1. It 
consisted of a boiled-water reservuir, constant- 
head tank, rotameter, transfer column, and con- 
necting lines of rubber and glass tubing. As 
pictured, the column is operating with a down- 
ward flow of water. By changing the lines, an 
inverted column was used for upflow studies. 

The transfer column was made from Pyrex 
glass and had an |.D. of 9.69 cm. and a height 
of 26.6 cm. A large rubber stopper was used 
to close one end. This stopper had for 
the inlet stream, a thermometer, and a sampling 
tube (for upflow runs only). Three holes were 
made on the inside flat surface of the stopper 
to hold an upflow bed support consisting of 
bronze rods brazed to a stiff stainless steel 
screen. 


OPERATING PROCEDURE 


The column was partially filled with water 
and 6mm. spherical glass beads were added 
to a predetermined level. Active pellets were 
then distributed evenly over the tops of the 
beads, making sure there were no air bubbles 
on any of the pellets. More glass beads were 
added, and the column was filled with water. 
The distribution of flow in such a packing was 
studied by o dye solution to insure adequate 
distribution of the inlet feed. To minimize holdup 
time, active pellets were placed as close to the 
outlet as possible, yet maintaining the required 
uniformity of flow. 

The flow rate was determined by collecting 
and weighing several samples, the collecting 
time being measured with a stop watch. It was 
found that steady-state conditions were reached 
after about four times the void volume beneath 
the active pellets had passed the outlet. A 
sample of 35 to 120 ml. was collected for assay 
purposes any time after this established mini- 
mum. 


TABLE 2.—RANGE OF EXPERIMENTAL 
AND CALCULATED DATA * 


No. of runs: 44 
Temperature: 19.0-28.5° C. 


Schmidt No. : (—j5—) : 814-1147 
plim 


Per cent of saturated solubility concentra 
tion in exit stream: 1:5-65.2 


No. of active pellets used : 3-445 
Flow rate (G) : 0.50-277. Ib. hr.“it 


Surface area pellet: 0.00120-0.00135 
sq.ft. 

Mass-transfer coefficient 
Ib. hr.“ ft. *Acia™ 


per 


(k): 0.233-5.26 


DG 
Reynolds No. { 0.0125-7.21 
ue 
* Complete data may be found in Table 20 on 
file with A.D.1. Auxiliary Publications. 
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The column was placed in a draft-free posi- 
tion, but no attempt was made to thermostat the 
air temperature surrounding the jacket. The tem- 
perature of the water wos read by the ther- 
mometer inserted in the packed bed. Readings 
taken throughout the run showed a maximum 
spread of 0.2° C. for the runs reported. Samples 
from above the bed were drawn off immediately 
after the completion of a run to check for 


back diffusion. 


Comment on Results 


Table 2* is a summary of the range 
of experimental and calculated values 
obtained for forty-four runs, using 
2-naphthol and benzoic acid. Figure 2 
is a plot of the data correlating the mass- 
transfer coefficient with Reynolds num 
ber by means of the je factor. 

Using upflow, the data were not re 
liable at Ke < 0.5 because of back dif 
fusion and free resulting 
principally from concentration gradients 
set up in the void channels. When 
downflow was employed, the correlation 
could be extended to Re of 0.1 before 
back diffusion was observed at a samp 
ling point several centimeters above the 
active pelle ts. 


convection 


The average deviation of 
points representing downflow runs for 
Re >0.1 from the probable correlation 
line for 2-naphthol is 7.9%. This com- 
pares favorably with a 7.7% deviation 
obtained by Gaffney and Drew. There 
no statistical difference between 
runs made with the active bed thickness 
varying from one to four layers of 
pellets. 

The 


was 


effect has been 
extensively discussed by Gaffney and 
Drew. It visually observed by 
Winterkamp (36), using slightly water- 
oluble dye pellets of 6-mm. diam. in a 
packed bed. At a critical Re of about 
1.7 for his system, the dye moved down 


free-convection 


was 


the column in streamers against the up- 
flow of The concentration of 
dve in the calming section became so 


water. 


great that the glass beads were no longer 
visible. When employing downflow with 
the same constituents, no back diffusion 
was observed at Re down to 0.05, 

The calculation of mass-transfer co- 
efficients was based on the assumption 
that axial diffusion and density gradients 
were nonexistent. There should be no 
solute in the feed entering the active 
bed section. At low Ke values, this con- 
dition does not exist because of an axial 
diffusion gradient toward the feed inlet. 
The true driving-force gradient in the 
active bed will be less; hence, the mass- 
transfer coefficient obtained will be low 
when using a larger driving-force grad- 
ient than actually exists. For this rea 
the correlation curve should be 
extended smoothly to lower Re values, 
rather than having a marked reversal of 
curvature as shown by the dotted lines 


in Figure 2. Note that the slope of the 


son, 
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line can never become greater than —1 
The benzoic acid data are all above the 
curve obtained for 2-naphthol. They 
form a smooth curve with slope of —1 
which appears to converge with the 
2-naphthel curve at a Re of 5. Linton 
and Sherwood (25) have observed this 
phenomenon for the same two systems 
at higher flow rates inside tubes. In their 
work, the high solubility of benzoic acid 
produced a rough surface which im 
proved the transfer area. The surface of 
benzoic acid pellets in this investigation 
remained smooth and glossy. 

Since free convection has been ob 
served at low Re values, the introduction 
of the Grashof number for mass transfer 
under isothermal conditions seems plaus- 
ible. This can be defined as a function 
of the density difference caused by a 
concentration gradient rather than a 
temperature gradient, 

Gre adc (7) 
pe 

Since volume changes are negligible 
when adding small amounts of solute to 
most liquids, a has a value of 1. Using 
the other known properties of the two 
systems and an average of the concen- 
tration gradients for comparative pur- 
poses, the computation of the Grashof 
number for 2-naphthol-water runs aver- 
aged 200, while for benzoic acid it was 
nearer 10,000. This could explain the 
higher-transfer coefficients obtained for 
benzoic acid in the laminar region. 

Figure 3 is a plot of the je vs. Re 
using data of this investigation, Gaffney 


10 


and Drew, and Wilhelm and McCune. 
The agreement is excellent in the over- 
lapping regions and, hence, a good cor- 
relation for two systems is presented 
which covers a range of Re from 10-2 
to 104. 

The correlation reveals the fact that 
the mass-transfer coefficient in packed 
beds varied with mass velocity raised to 
an exponent, n, which is a function of 
the Reynolds number itself. This can be 
seen by observing the average values of 
n marked for each cycle of Re in Fig- 
ure 3. For this reason, the square root 
test for correlating mass-transter data 
with velocity must be used with caution 
and only in the Re range where it ap- 
plies. 

Another observation is the effect of 
the Schmidt number. Figure 3 was pre 
pared using the 0.58 exponent, as recom 
mended by Gaffney and Drew, based on 
a correlation of liquids whose Schmidt 
numbers covered a range from 100 to 
10,000. When the data for gases ob- 
tained by Gamson, Thodos, and Hougen, 
Wilke and Hougen, and Denton, Robin- 
son, and Tibbs are plotted on the same 
figure, the gas data fall on a curve well 
above the established liquid curve. Some 
data of Hurt, Resnick and White, and 
Eichhorn and White fall below the other 
gas data, but show an effect of particle 
size not accounted for by the Reynolds 
number. Most data were replotted in 
Figure 4 using the 2/3 power of the 
Schmidt number originally proposed by 
Colburn. This produced a better corre 


It is recommended that the Schmidt 
number exponent of 2/3 be used for the 
present, until much more data on packed 
beds are accumulated and examined. It 
is quite probable that the results will 
verify recent theoretical equations for 
heat and mass transfer which indicate 
that the exponent will vary with the 
Prandtl or Schmidt number. 

A line for isolated spheres is also 
plotted in Figure 4. This was taken 
from data of Frossling (75) and 
Powell (29) as shown in Perry (28). 
As expected, mass transfer in the turbu- 
lent region for an isolated sphere is 
poorer than for a packed bed at the 
same Reynolds number. As the laminar- 
flow region is approached, the curves 
tend to coincide. 

Three different lines are shown in 
Figure 4 for possible correlations below 
Re of 100. The lower two are based 
on the data for liquids reported in this 
paper. The upper one comes from the 
correlation recently proposed by Hobson 
and Thodos (20) using data for the va- 
porization of numerous substances into 
moving gas streams. Several explana- 
tions are possible. 

Colburn (7) has shown that more 
than one correlation line exists for 
laminar flow inside tubes for analogous 
heat-transfer data. By rearranging the 
Graetz equation, which assumes a para- 
bolic velocity distribution and absence of 
free-convection currents, he showed that 
the 7 factor for the laminar region 1s: 
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lation of most of the gas and liquid data. 
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Fig. 2. Correlation of mass-transfer data of present paper. 
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The same analogy can be considered for 
packed beds, if the void space around 
the particles is visualized as a number 
of small-diameter parallel tubes. Each 
packing configuration will have a char- 
acteristic 1./D ratio. 

The existence of free-convection cur- 
rents, which depend not only the 
geometry of the system, but also on tem 
perature and concentration gradients set 
up during the transfer of heat and mass, 


on 


will cause differences among systems in- 
vestigated. Much more data on the effect 
of Grashof number in packed beds are 
required before any theoretical or em- 
pirical methods of correlation can be 
tested. 

These may be reasons why no single 
line should represent all mass-transfer 
data in the laminar region when plotting 

[ a Reynolds number, 


factors against 
originally 


je 
a dimensionless correlation 
derived only for turbulent regions. 

On examining the pellets from the 
mass-transfer runs, bumps or high spots 
were noticed in several experiments 
where the pellets were excessively solu- 
bilized. The high spots always occurred 
where points of made 
among other active or inert pellets. This 
is to be expected, as there would be 
zero fluid velocity and slow diffusional 
transport at the contact surface. If there 
is any tendency for small nonspherical 
particles to agglomerate, or to have un 


contact were 


usually high contact surface, the effec 
tive mass transfer will be considerably 


reduced from the value obtained if all of 
the surface were contributing equally. 
Gamson (17) took this phenomenon into 
account by introducing an empirically 
determined shape 
value of unity for spheres which present 
a minimum contact area. The deter- 
mination of the effective surtace area 
for mass and heat transfer, particularly 
for small particles, needs further study, 


factor relative to a 


since it may explain some of the differ 
ences which have occurred in the past 
when attempting to transter 
data for small particles. 

Another 
needs study is the effect of interfacial 


correlate 


significant variable which 


tensions on transfer data. This could 
conceivably dictate the flow pattern 
through small voids of varying size 
which occur when using irregularly 


shaped particles. 

Results can be considered only a start 
in elucidating miass-transfer effects in 
packed beds at low Reynolds numbers. 
Because of the many controlling vat 
iables, which have been pointed out, and 
the difficulty of obtaining good data us 
ing present techniques, much effort of a 


theoretical and applied nature will lx 
required before a satisfactory explana- 
tion of the laminar-flow region can be 
given. 
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Notation 
DIMENSIONAL SYSTEM 
= mass 
O = time 
I length 
T = temperature 


NOTATION AND DIMENSIONS 


a total active surface area of 
packed bed, L* 

a surface area per unit volume ot 
packed bed, 

solute concentration, MM~! 

av driving - torce concentration 
gradient, MM~! 

inlet solute concentration, 

Cy = exit solute concentration, 
WM-! 

c* saturated solute concentration, 
MM-' 

dD, nominal particle diameter, cal- 
culated as diameter ot a 
sphere having same area as 
a pellet, l 

Dy mean diffusivity tor undirec 
tional diffusion, L*@~! 

D = equivalent diameter of voids, L 

q, gravitational constant, L@~ = 

G superficial mass velocity, ML 
Gay superficial molal mass velocity, 
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Fig. 3. Correlation of mass-transfer data in granular beds of packed solids using Schmidt number raised to the 0.58 power. 


Chemical Engineering Progress 


| 
2 
4 + + 4 = + + + + 
| j 
0r-+-+ 
| 
| 
Page 195 


j = dimensionless factor for mass q = Schmidt number 14. 
transfer n = velocity 15 
k’ = liquid-film mass-transfer coeffi- 
cient, M@-1L~? Literature Cited 16 
1. Ahlberg, J. E., Ind. Eng. Chem., 31, 17 
4 rg, J. , nd. Eng. nem., ’ 
) (sq. ft.) (Ac) 988 (1939). 
eo Ib. 2. Beaton, R. H., and Furnas, C. C., Ind. 18. 
~ Chr.) (saft.)(Oc) Eng. Chem., 33, 1500 (1941). 
I ( 3. Boord, Brode, and Bossert, “Labora- 
- = equivalent length of voids, L tory Outlines of Organic Chemistry,” 19. 
= Reynolds number based on Wiley & Sons, Inc., New York, 
average interstitial pore ve- 20. 
iia 6 ing oa 4. Boyd, G. E., Myers, L. S., and Adam- 
diameter = —?—- 2849 (1947). 
pe 5. Boyd, G. E., Adamson, A. W., and << 
S, = surface area per unit volume of Myers, L. S., J. Am. Chem. Soc., 69, 
solid pellets, 2836 (1947). 
6. Chilton, T. H., and Colburn, A. P., 
v = superficial linear velocity, L@~! Eng. Chem., 26, 1183 (1934). 24. 
V’ volume of bed, 1.4 7. Colburn, A. P., Trans. Am. Inst. Chem. ; 
W = mass-flow rate, M@-} Engrs., 29, 174 (1933). 25. 
8. Danby, C. J., Davoud, J. G., Everett, 
D. H., Hinshelwood, C. N., and 26 
GREEK SYMBOLS Lodge, R. M., J. Chem. Soc., 918 e 
a = coefficient of density change per 9. Denton, W. H., Robinson, C. H., and 
unit density per unit concen- Tibbs, R. S., U. S. Atomic Energy 8. 
tration of solute added, Commission, Tech. Inf. Div., ORE, 
M-1M Paper HPC (Unclassified, June 28, - 
= void fraction 1949). 
10. DuDomaine, J., Swain, R. L., and Hou- 

p, & = mathematical coefficients gen, O. A., Ind. Eng. Chem., 35, 546 30. 
p = density, ML~-8 (1943). 31 
p = absolute viscosity, M@-1L—-! 11. Dryden, C. E., Ph.D. Thesis, Ohio ~ 

State University (1951). 

12. Eichhorn, J., and White, R. R., Am. re) 
EXPONENTS APPLIED Inst. Chem. Engrs., Kansas City Re- ~~ 
R ld ' gional Meeting ( May, 1951). 33 
m eynon ~ number 13. Ekedahl, E., and Sillen, L. G., Arkiv ~~ 
p = L/D ratio fur Kemi Geol., 25A, No. 4 (1947). 34 
35 
36. 


Supplementary data (including tabular matter) are on file (Docu- 
ment 3726) with American Doc 


| Presented at AL.ChA 


. Gaffney, 


. Seidell, A., 


Fisher, T. W., Ch.E. Thesis, Princeton 
University (1941). 

Frossling, W., Gerland Bertr. Geophy., 
52, 170 (1938). 

B. W., and Drew, T. B., Ind. 

Eng. Chem., 42, 1120 (1950). 


. Gamson, B. W., Chem. Eng. Progress, 


47, 19 (1951). 

Gamson, B. W., Thodos, G., and Hou- 
gen, O. A., Trans. Am. Inst. Chem. 
Enars., 39, 1 (1943). 

Hobson, M., and Thodos, G., 
Eng. Progress, 45, 517 (1949). 

Hobson, M., and Thodos, G., Chem. 
Eng. Progress, 47, 370 (1951). 


Chem. 


Hurt, D. M., /nd. Eng. Chem., 35, 522 
(1943). 
Kipling, J. J.. J. Chem. Soc., 1487 


(October, 1948). 
Knowlton, H. E., Ph.D. Thesis, Ohio 
State University (1950). 
Knox, K., and Thomas, H. C., J. of 
Chem. Phys., 19, 224 (1951). 
Linton, W. H., and Sherwood, T. K., 
Chem. Eng. Progress, 46, 258 (1950). 
McCune, L. K., and Wilhelm, R. H., 
Ind. Eng. Chem., 41, 1124 (1949). 
Mecklenburg, W., and Kubelka, P., 
Z. Elektrochemic, 31, 488 (1925). 
Perry's “Chemical Engineers Hand- 
book,” 3rd Ed., McGraw-Hill, New 
York, p. 546 (1950). 
Powell, R. W., Trans. Inst. Chem 
Engrs. (London), 18, 36 (1940). 
Resnick, W., and White, R. R., Chem 
Eng. Progress, 45, 377 (1949). 
“Solubilities of Organic 
Compounds,” 3rd ed., D. Van Nos 


trand Co., New York (1941). 
Selke, W. A., and Bliss, H., Chem. 


Eng. Progress, 46, 509 (1950). 
Taecker, R. G., and Hougen, O. A., 
Chem. Eng. Progress, 45, 188 (1949). 


. Wilhelm, R. H., Chem. Eng. Progress, 


45, 208 (1949). 
Wilke, C. R., and Hougen, 

Trans. Am. Inst. Chem. 

445 (1945). 
Winterkamp, F. H., M.Sc. Thesis, Ohio 
State University (1950) 


©. A., 
Enagrs., 41, 


Atlantic City (N. J.) Meeting.) 


Auxiliary Publi- 


| N“N wt ESS cations Project, Photoduplication Service, Library of Congress, Wash- 
e a" i ington 25, D. C. Obtainable by remitting $1.00 for microfilm and 
$1.05 for photoprints. 
1 | 
2 
| BNS 
os 2 46808 2 4 680" 2 4 681° 2 4 +— eos ++ 
4) 4 4 — + 4 | 
POINTS REPRESENT BEST LINES THROUGH DATA FROM THE TT — ; ~<a + et 
© 2-NAPHTHOL TO WATER; McCUNE ANO WILHELM (26) | | | 
2-NAPHTHOL TO WATER THIS PAPER 10 ATED SPHERES ore 
@ BENZOIC ACID TO WATER 
GAMSON, THODOS AND HOUGEN (/8) a} 
ATER T R , 4 
WATER, n-BUTANOL, TOLUENE, 
n-OCTANE, ANO DOOECAN ANO T 
NITROGEN, CARBON DIOXIDE, AND 
WATER, ANILINE, NAPHTHALENE,) POWELL (29) 2 46860 2 2 680% 2 « 68108 
—-— NITROBENZENE TO AIR FROSSLING 


Page 196 


Fig. 4. Correlation of mass-transfer data from granular solids using Schmidt number raised to the 2/3 power. 
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Observations on the Design and Operation of High-Vacuum Systems 


il Kerby Stoddard and W. E. Mooz Netional Lead Company, South Amboy, New Jersey 


This paper, nonquantitative in nature and presentation, covers obser- 
vations and experiences derived from the development of a particular 
metallurgical process, but is intended primarily to be of general value 
to the engineers and others working with high vacuum for the first 
time. Particular attention is given to such subjects as: (1) static and 
dynamic vacuums; (2) mechanical and diffusion pumps; (3) leak 
detection; (4) gasketing; (5) oil purifiers for mechanical pumps; 
(6) diffusion pump fluids; (7) vacuum valves; (8) cold traps; (9) welding 
for vacuum service, and (10) cleanliness of the system. 
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and electrometallurgy. Since 1948 he has been with the 
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its partially owned subsidiary company, the Titanium Metals 
Corporation of America, Henderson, Nev., as chief develop- 
ment engineer in the technical department. 
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He began work with the technical department of National 
Lead Co., titanium division, and gained experience with 
vacuum systems as an engineer associated with the titanium 
metal production plant. Further experience in this field was 
gained in the design of vacuum equipment for the Titanium 
Metals Corporation in Henderson, Nev. Mr. Mooz joined the 
Titanium Metals Corp. in August, 1952, and is a member of 
the technical department. 
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he use of high vacuum in industrial- 

production applications has been ade- 
quately described to the extent that it 
can safely be stated that the present-day 
chemical engineer is quite aware of this 
newest of the unit operations and is pre- 
pared to employ it on the required occa- 
sion. He will find the proper equations 
and basic data for his calculations on 
pumping speed, ultimate vacuum, pro- 
duction cycle, etc., in the current liter- 
ature and manufacturers’ pamphlets. He 
will probably enjoy the preciseness of his 
calculations and the adequacy of the in- 
formation for design of the equipment. 
The manufacturers offer a choice of 
pumps, valves, gages, leak detectors and 
the specialties needed for a vacuum sys- 
tem and will aid him in choosing the 
components and fixing their relative ar- 
rangements. If he is a novice in the field 
of vacuum-producing they will offer him 
valuable advice based on experience. 
However, translating others’ experience 
into one’s own is frequently difficult. 
Practical difficulties usually beset the 
novice in vacuum practice before his 
apparatus attains the vacuum he is seek- 
ing since he has no basis on which to 
evaluate the advice he has been given. 
The rate at which things happen and 
the magnitude of relative importance of 
the various factors that enter into pro- 
ducing a vacuum may vary considerably 
from that described by others. 

This paper will be concerned with the 
lesser things that affect the attainment 
of a high vacuum. Actually they are im- 
portant since high vacuums are not ob- 
tained without due regard to them, but 
in comparison to the larger elements of 
design and engineering of the apparatus, 
such as equipment size, pump capacity, 
materials of construction, etc., they are 
likely to be disregarded or at least min- 
imized. Hence, attention to the details 
early in the design and operating stages 
will save considerable avoidable delay. 
Their modification and adaptation to the 
application at hand will, of course, be 
required. The experiences discussed here 
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were obtained during the development 
of a process for the production of ti- 
tanium. Vacuums in the range of 1 to 
10m were the ultimate generally at 
tained ; in some cases, the ultimate pres 
sure was as low as 0.05-0.0lp. The use 
of titanium tetrachloride and its fre- 
quent presence in the system imposed 
severe contaminating conditions on the 
pumping apparatus that are not gener 
ally encountered in vacuum systems. A 
portion of the vacuum space was heated 
to a high temperature at which it was 
maintained for relatively long periods. 
Under these conditions the vacuum 


= 
COLO TRAP BYPASS 


pressures mentioned before were at- 
tained and maintained. 

In particular, the following subjects 
will be discussed from the standpoint of 
experience and relation to vacuum pro 


STORAGE 


duction in a production plant operated Components of a typical vacuum system. 
by nonprofessional operators and non 
specialized maintenance crews: 


1. The difference between static and dynamic 


vacuum and its importance to process require- 


ments. 
2. The choice of mechanical and diffusion VACUUM 


pumps from the standpoint of maint e and CHAMBER 

operating difficulties with only a brief mention 

of the capacity factor. ne WELOS | 
3. The detection of leaks and its importance AND GASKETS LARGE VACUUM 


to process and maintenance costs. a PUMP TO MAINTAIN 


4. Gasketing both large and small closures, REQUIRED VACUUM 
AGAINST LEAKAGE 


piping and valves. 


5. Use of oil purifiers for mechanical pumps. DYNAMIC VACUUM SYSTEM 
6. Diffusion pump fluids from the standpoint 


of process requirements. 


7. Use, repair and maintenance of vacuum 


valves. 
8. The utility of cold traps. ? 


9. Welding. 


10. The cleanliness of the system and its rela- 


SMALL VACUUM PUMP 
1S ABLE TO EVACUATE 
CHAMBER TO REQUI- 
tion to outgassing and pump downtime. vacuum RED VACUUM 


CHAMBER 


Static and Dynamic Vacuums 


It is somewhat unusual to consider NO LEAKS 
that there are two kinds of vacuums— ggpassnnal 
static and dynamic. Neglecting out- 
gassing for the moment, the static va 
cuum is obtained in a vessel free from EQUIVALENT STATIC VACUUM SYSTEM 
leaks, while the dynamic vacuum is the 
result of the use of pumps sufficiently 
large to maintain the required vacuum 
against the inflow of air through fine 


leaks. Traditionally, the sealed-off type eerie omg 
of equipment such as lamps, X-ray tubes, a 
cathode ray tubes, electron tubes, ete., * 


are examples of the static vacuum sys 


tems. These systems are generally small vacuum 
and quite clean and usually constructed EES 


of glass. The use of “gettering” tech eens | 
niques and the noncyclic use of the va- a 


cuum makes the creation of the vacuum WO LEAKS 
simpler. Use of static vacuum for the al 


production of pure metals imposes con LARGE VACUUM PuMP TO OUTGAS AND 


siderably greater difficulties when it be- EVACUATE SYSTEM RAPIDLY 


comes necessary to protect the metal PREFERRED STATIC VACUUM SYSTEM 
from atmospheric oxygen and nitrogen 
pickup. Such are the requirements of Comparison of static and dynamic vacuum systems. 
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zirconium and titanium. The complete 
elimination of leaks in large-scale-pro- 
duction equipment constructed of steel 
and ferrous alloys, and heated to temper 
atures of 800-1000° C. was accomplished 
in the case of The 
elimination of leaks for attaining a static 
vacuum is like the proverbial rabbit pie 

first you must find the leaks. This is 
virtually impossible without the proper 


these two metals. 


equipment. 
For this purpose, several models of 
the extremely sensitive mass-spectro 


meter type of leak detector are available. 
For halogen-free systems, the less ex- 
pensive, positive-ion halogen-sensitive 
leak detectors are available. Dynamic 
vacuum systems are more generally used 
in large-scale apparatus since process 
requirements are not jeopardized in most 
applications by the presence of atmos 
pheric oxygen and nitrogen in amounts 
0.01-0.001% of that available at atmos- 
pheric pressure. Typical of such use of 
vacuum is the ferrosilicon or Pidgeon 
magnesium process wherein magnesium 
is distilled from the reaction mass as it 
is reduced from dolomite by ferrosilicon 
Calcium is made in a similar way by the 
use of aluminum and lime. 
casting of metals, the separation of me- 
tals by vacuum distillation are illustra- 
tions of the use of dynamic vacuums. 
The design of vacuum equipment for 
these processes is generally an easier job 
since care in construction and the 
elimination of the gross leaks by the 
soap-bubble technique generally pro- 
duce the required degree of vacuum. 


The vacuum 


This is especially favored by the grow- 
ing realization that pumping capacity 
should be large in order to cut down on 
pumping time and process cycles. The 
inflow of oxygen, nitrogen, and water 
vapor through the minor leaks is not 
detrimental over long periods of time to 
the dynamic system, but generally can- 
not be tolerated for processes requiring 
static systems. 


Mechanical and Diffusion Pumps 


The size of mechanical pump required 
for a specific type of system may be 
by formulae supplied by 
pump manufacturers in their literature. 
It may be mentioned that an oversized 
pump may often be justified by the in- 
creased safety factor and pumping speed 
available. Rare the system 
which is not subject to sporadic out- 


determined 


indeed is 


gassing, and it is of great advantage to 
have some reserve pumping capacity to 
meet an unexpected pressure rise. 
Mechanical pumps are generally of- 
fered with either feather valves or 
poppet valves. Where relatively small 
volumes of noncorrosive gases are han- 
dled, the feather valves operate well. 
When larger gas volumes are to be 
handled, the poppet valves with their 


Vol. 49, No. 4 


larger ports are preferred. Tlcather 
valves deteriorate more rapidly under 
the action of corrosive gases than do the 
poppet valves. For this reason, poppet- 
valve pumps generally require less main- 
tenance. It that steel 
feather valves give better performance 
in systems that tend to be dirty than 
plastic or teflon valves. It appears that 
the pieces of scale or dirt are crushed 
to a fine powder and quickly washed out 
of the valve surface by the pounding 
action of the steel valve surfaces, while 
they become partially imbedded in the 
Teflon strip and prevent the close seat 
ing of this valve. 

Diffusion pumps are available from a 
wide variety of sizes and types. Origin 
ally, they were manufactured as labora 
tory or specialty items. More recently, 
the pumps are being offered with stand 
ard pipe flanges and more solid construc- 
tion that is more compatible with large 
scale industrial equipment. The use of 
standard pipe flanges is a distinct aid to 
the engineer. The choice of the booster 
pump vs. the diffusion pump is one well 
worth careful consideration. The higher 
ultimate vacuum that is afforded by the 
diffusion pump may not be required in 
limit 


was observed 


many and its low on fore- 
pressure may cause unforeseen lengthen- 
ing of cycle time in an outgassing system 
even with an exceptionally large 
mechanical pump, may be con- 
sumed in pumping the system down to 
the pressure in which the diffusion pump 
can be put on the The booster 
pump will not yield quite as high ulti 
mate vacuum as the diffusion pump but 
it can be started up much sooner during 
the pump down period. The use of th 
two types in parallel in the vacuum lines 
with suitable valves is quite satisfactory. 


Cases 


since 
hours 


line 


This arrangement was used to attain 
short cycles with a system that was 
washed with hot water for cleaning. 


After atmospheric drying of the un- 
drained water by the sensible heat in the 
steel vessel, complete drying and out 
gassing were rapidly accomplished with 
a booster pump. Previous to installation 
of the booster pump, hours were spent 
in pumping the system down to the lim 
iting pressure the diffusion pump 
Vacuum technology would be benefited 
by the development of booster pumps 
that would operate against forepressures 


in the range of 5 to 15 mm. while pre 
serving their great pumping speed 
Maintenance of diffusion and booster 
pumps was generally low and confined 
to routine cleaning. Heater burnout in 
some cases predominated and, generally, 
the pumps that are connected direct to 
the power line are preferred to those 
requiring a variable-voltage 
put. Diffusion pumps operating under 
conditions of fume and 
solids in the vapor stream showed almost 


power in 


considerable 
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no fall off of vacuum from an operating 
standpoint. Removal of the jet assembly 


for routine cleaning from pumps that 
were operating satisfactorily showed 
extensive encrustation. Ultimately, the 


pumps would have failed to give the re 
quired performance, but this was seldom 
experienced. The use of stainless steel 
in place of the usual soft aluminum tor 
jet construction is an advantage when 
jet assemblies require frequent cleaning 
In the diffusion and booster 
pumps are sturdy and dependable pieces 


of equipment for industrial use 


general, 


Leak Detection 


Three good reasons for the 
tance of leak detection, and subsequent 
leak correction are the following: (1) 
rapid attainment of the required va 
cuum by the location and elimination ot 


leaks, (2) recognition of outgassing 
when all leaks are located and elimi 
nated, (3) prevention of detrimental 


effects upon quality of the product by the 
elimination of unrecognized leaks when 
static vacuum conditions are required 

Several methods of leak detection 
available to the engineer, but to deter- 
mine that there is a leak and where it i 
The former 


are 


are quite different problems 


is rather simple. One may either evacu 


ate the system, read the pressure with a 
suitable gage, then isolate the system 
from the pumps with a vacuum valve 


and observe whether the system pressure 


rises over a period of time. By the same 
method leak 
may be determined by pressurizing the 
this be time 


misleading 


whether a exists or not 


system. However, may 


consuming and when 
static vacuums are required since fine 
leaks may not be detected 


Locating the leak require 


even 


highly 


cialized equipment unless the leak is 
large. The helium-sensitive, mass spec 
trometer type of leak detector is sensi 
tive and in operation quite sturdy. This 
type of leak detector is exnensive but 


is generally justifiable from the sav.ng 
of cycle and maintenance time in produ 
ing and operating leak-free apparatu 
On a small sy gross leaks may lhe 
located by the 
and subsequently mmmersing it in water 
Bubbles will indicate where the leak is 
An alternate use a soap 
solution which may be painted on the 


tem 


pressurizing apparatu 


method is to 


suspected areas. Agaim, bubbles indicate 
where the leak is. This technique i 
recommended for gross leaks that pré 


vent the attainment of vacuums required 
for the operation of the diffusion pumps, 
which are generally lower than 200, or 
1000-15000 for of booster 


Vacuums below this range are 


some types 
pumps 
required for leak detection that depends 
on transmit the helium or 
halogen gas issuing from the probe be 
Under these 


in-leaks to 


ing used to locate the leaks 
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conditions, the better the vacuum the 
faster is the response of the detector 
when a leak is located. Best results are 
obtained with vacuums in the 10-ly 
range. 

The “sniffer’’-type leak detectors are 
probably better adapted to leak-hunting 
since they depend upon out-leaks from 
the vessel pressured to 15-30 Ib./sq.in. 
with air, or inert gases containing a few 
per cent of a halogen containing gas 
such as freon. In this case, gross leaks 
are detectable as well as the fine leaks 
since a high vacuum is not necessary. 
The mass spectrometer type of leak de- 
tector can be used for this application, 
in which case, helium is substituted for 
the halogen containing gas in the pres- 
sured vessel. Some models of this type 
of leak detector require an auxiliary 
vacuum pump and throttle valve on the 
“sniffer” for use in this manner. A dis 
cussion of the theory and quantitative 
use of leak detectors is given by Guthrie 
and Wakerling (7). 

For systems containing halogens, the 
helium-sensitive mass-spectrometer-type 
must be used. This is relatively easy, 
once an operator has been properly in- 
structed, The system is simply evacu- 
ated to 200u or less, the leak detecter 
put into operation, and a small jet of 
helitan played upon the suspected areas, 
flanges, and valves. The influx of helium 
will be indicated on the meter and cor- 
rective measures then may be taken. 

Rapid attainment of a high vacuum 
often may be an indication of a leak- 
proof system, but one should never make 
the error of not leak-checking. Detect- 
able leaks have been found in systems 
maintaining a pressure of lp or less. 


Gasketing 


Gasketing of vacuum equipment re- 
quires more care than anything else. 
Unless the proper-type gaskets and 
gasket grease are use in the proper place, 
leaky joints will result. Cleanliness is a 
byword in the use of gaskets. The right 
gasket in the right place may still leak, 
like the proverbial sieve, if the gasket 
seat has not been properly cleaned. Flat 
gaskets were chosen initially in the ap- 
plication described here. At first red 
rubber sheeting was cut to full-face 
gaskets for pipe flanges, liberally 
smeared with vacuum grease (D.P.1I. 
Celvacene) and the bolts tightened until 
the rubber partially extended. Hours of 
pumping with a 50-cu.ft./min. pump on 
a 15-cu.ft. system failed to produce the 
anticipated vacuum. The procurement 
of a leak detector showed that the flange 
gaskets were leaking. Then observation 
of such precautions as not using too 
much vacuum grease, and not com- 
pressing a gasket until no resiliency re- 
mained in the rubber, and conversion to 
unfilled neoprene rubber produced the 
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proper vacuum. However, constant 
vigilance was required to prevent the 
untrained operators from tightening the 
bolts until the gasket leaked. 

The conversion of gasketing to total 
use of O-ring gaskets completely elimi- 
nated gasketing difficulties. All flanges 
were cut off the pipes and welded back 
on after machining square-sectioned 
grooves in one face to a depth allowing 
a 25% compression of the 0-ring gasket. 
The face inside the groove was ma- 
chined a few thousandths of an inch be- 
low the outer flange face to permit the 
escape of gas trapped in the groove on 
the vacuum side of the 0 ring. In some 
cases, this was accomplished by radial 
slots. O ring gaskets are available in 
various formulations of rubber and neo- 
prene as well as silastic, in diameters 
up to 16 in. Generally, 60 durometer (A 
scale) neoprene was specified although 
silastic was used on occasion for a cold 
trap when it was suspected that the neo- 
prene cooled to a point where it no 
longer had sufficient resiliency. For 
diameters greater than 16 in., 0 rings 
can be made up from %-in. and ™%-in. 
diam. rubber or neoprene stock known 
in the trade as “rope.” Vulcanized joints 
are superior to cemented ones. This is 
readily done in a split mold using a 
diagonally cut joint to accommodate the 
cross section of the rope, and even more 
satisfactorily done by a jobber or small 
specialty gasket firm since some experi- 
ence is required in cutting the rope to 
the right length to get an 0 ring gasket 
of the correct diameter. 0 ring gaskets 
up to 42 in. in diam. have been used that 
were made in this manner with less than 
one per cent vacuum failure. 

The installation of the 0 rings in the 
grooves is a simple matter. li the larger 


RECTANGULAR | 
GROOVE Ke LESS THAN "O”™ RING 

UNDERCUT 
GROOVE 4g GREATER THAN “0” RING 


RECTANGULAR GROOVE PREFERRED IN 
ALL POSITIONS 


UNDERCUT GROOVE USED ONLY IN 
VERTICAL POSITIONS. 


SPACE FOR EXPANSION 


diameter gaskets do not rest evenly in 
the groove, the simple precaution of 
storing them in a warm room will make 
them limp enough to lie uniformly in 
the groove and save considerable time 
of assembly. On cyclic-production oper- 
ation this is important. Vertical joints 
can be made up with the 0 ring slightly 
undersized so that it is snapped into the 
groove and holds itself in place. In this 
case, radial outgassing slots on the in- 
side face are preferred to the gap be 
tween the inside flange faces. Bolts are 
drawn up tight and used only in every 
other position or less if feasible. Since 
the flange faces match metal to metal, 
over-compression of the gaskets is im- 
possible and operation is facilitated. The 
gaskets should be coated only lightly 
with vacuum grease which is wiped off 
after applying. This will leave just the 
right amount of lubrication. Gaskets that 
have taken on a permanent set can be 
frequently reclaimed by soaking them in 
carbon tetrachloride and steaming them 
out. This cannot be done, however, if 
the rubber shows any signs of cracking. 

If the use of flat gaskets is unavoid- 
able, neoprene should be used. The flat 
metal surfaces in contact with the gasket 
must be machined to remove any imper- 
fections or uneveness on the faces. The 
gasket to be used should be given a light 
coating of Celvacene vacuum grease and 
then wiped with a clean, dry cloth to 
remove all but a thin layer of the grease. 
This step is essential to prevent the 
grease from squeezing into the system. 
Celvacene grease is prone to absorb 
helium, and should a_helium-sensitive 
leak detector be used, additional time 
would be required to outgas the helium 
from the grease before leak detection 
could be attempted. The flanges on 


_“” COMPRESSION ON GASKET- 25% 


Nae WELD MUST BE FREE FROM 
PINHOLES AND SLAG BRIDGES. 


THIS WELD MAINLY FOR STRENGTH. 
DOES NOT NEED TO BE AS 
CAREFULLY MADE. 


Details on use of “0” ring gaskets. 
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either side of the gasket should be in- 
spected for specks of dirt, etc., and then 
uniformly tightened to provide an even 
pressure distribution on the gasket. If 
the joint is to be broken frequently, the 
gasket should be examined each time for 
signs of permanent distortion. If any 
signs are evident, the gasket should be 
replaced. 


Oil Purifiers for Mechanical Pumps 


The oil purifying unit is an almost 
indispensable auxiliary to the mechan- 
ical pump. This fact is easily overlooked 
and frequently much labor- and time 
consuming effort is expended in trying 
to produce a high vacuum with a me- 
chanical pump operating with a contami- 
nated oil. The fundamental principles of 
the operation of a mechanical vacuum 
pump are based upon a sealing fluid of 
low vapor pressure. Yet many vacuum 
pumps are expected to produce high 
vacuums with contaminated oils having 
high vapor pressures. An occasional oil 
change produces improvements; usually 
they rapidly become contaminated again. 
Since vacuum pumps are actually com- 
pressors forcing vapors and gases into 
the atmosphere from the low pressure 
chamber being evacuated, there is little 
basis to expect the oil to resist absorb- 
ing contaminating vapors when they are 
squeezed against it. 

Oil purifiers perform the useful serv- 
ice of removing the high vapor-pressure 
contaminants that are dissolved or 
emulsified in the mechanical vacuum 
pump. In the case of only moisture con- 
tamination, simple heating will help 
greatly. However, gradual oxidation and 
deterioration of the oil may develop high 
vapor pressure that ‘is accelerated by 
continued heating. In the case of severe 
contamination by organic and acidic va- 
pors causing sludging and breakdown 
of the vacuum oil, excellent performance 
was obtained by a purifying unit that 
subjected the dirty oil to a rough vacuum 
(27-in. Hg gage) distillation at 300° F., 
and subsequently filtered the oil through 
a bed of Fullers earth. In actual experi- 
ence, the installation of a unit of this 
type eliminated frequent pump freeze- 
ups and inability to attain required va- 
cuums. Mechanical pump troubles vir 
tually ceased when the oil purifier was 
installed. Systematic and scheduled re- 
newal of the filter bed is required but 
generally operators learn that attention 
to the oil purifier will save considerable 
operating trouble with the vacuum 
pumps. 


Diffusion Pump Fluids and Valves 


with diffusion- 
pump fluid indicates that there is much 
to recommend it for industrial applica- 
tions. For cyelic operations in which 
the vacuum is frequently broken, this 


Experience silicone 
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type of fluid is particularly suitable, 
since it resists the breakdown and oxi- 
dation that occur when operating errors 
cause exposure of the diffusion-pump 
fluid to air while it is still at operating 
temperatures. Silicone fluid has consid- 
erable chemical inertness to reactive 
chloride vapors, passing these through 
the system without apparent loss of ef 
fectiveness. The dirty and fouled fluid 
removed from the pump for cleaning is 
readily recovered by mixing it with 
diatomaceous-earth-type filter aid and 
filtering it through a laboratory Buchner 
filter. Valuable silicone oil is readily 
reclaimed this way. In comparison to 
the less stable organic fluids, the sili- 
cone diffusion-pump fluids offer consid- 
erable advantage in these characteristics. 
The literature that a rela 
tively large number of vacuum valves 
are available for installations, and 
have been generally designed to present 
large straight-through port openings 
that offer the minimum diffusional re 
sistance to the gas flow. Generally, th« 
valve stem seal is accomplished by means 
of a metallic bellows, but one desigt 
uses 0 rings and vacvum grease around 
the stem of a specially linked butterfly 
disk. Much ingenuity has been shown in 
constructing these valves ; hence they are 
expensive in sizes of 6 in. and more. 
Experience has been obtained with 
diaphragm valves for vacuum service 
and excellent performance is reported. 
Two types are available: closure being 
obtained forcing the diaphragm 
against a bridge or dam mounted be- 
neath it, and a Y-shaped construction in 
which closure is obtained by a more or 
less conventional disk and seat arrange 
ment with a diaphragm valve-stem seal. 
Both kinds have been used in sizes up 
to 6 in. without leakage or diaphragm 
collapse from the load. 
Maintenance on this type of valve has 
been inconsequential involving zn occa 
sional diaphragni cr disk replacement 


shows 


by 


atmospheric 


The disk-type valves were given a slight 
refinishing of the seat before use in the 
valve shop of the maintenance depart 
ment to lessen the pressure needed for 
vacuum-tight closure. This type may 
have a slight advantage over the dam 
type of diaphragm valve since the finish 
is generally that of a rough casting. 
Greater closure pressures are required 
as a result and leakage, because of too 
much pressure, is possible. 
Where it is necessary to 
than 
purposes, such as nonvacuum tight isola- 
tion of parts of the equipment, special 
precautions must be taken to prevent 
atmospheric leaks. The valve must be 
blanked off and leak-tested for porous 
castings before installation. In use the 
valve-stem packing must be regularly in- 
spected and replaced when necessary. 


other 
a vacuum-type valve for special 


use 
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Rubber bushings with thin punched 
Teflon disks on either side give excellent 
vacuum tightness and resist corrosive 
gases. However, frequent replacement is 
required because of the difficulty of lu- 
bricating the stem movement through 
the rubber bushing and the tendency 
of seizure to damage it 


Cold Traps 
The use of refrigerated cold traps in 
any vacuum system is advantageous to 
prevent contamination of the vacuum 
pump oil and to increase the pumping 
capacity in the system. The design of a 
cold trap is, of course, dependent upon 
the type and quantity of the vapor to be 
condensed and the pumping rate used. 
Aside from the theoretical sizing of a 
trap two important facts should be taken 
into consideration. The gas passage in 
the trap must have sufficient exposed 
area that the condensate will not form 
an insulating layer on the cold surfaces 
In use, it is always desirable to main 
tain a slow pumping rate through the 
trap at the beginning of evacuation, so 
that the trap will not be subject to a 
heavy load and fail to precipitate all 
condensables, It is possible to include a 
flow-limiting orifice in the cold trap but 
this 
soon as all vapors are condensed and a 
high pumping speed is desired. In all 
static systems, the installation of a cold 
trap by-pass line is advisable. Should 
this by-pass be omitted, it will be found 
that when the partial pressure of the 
condensable the evacuated 
chamber reaches a value lower than the 
vapor pressure of the condensed vapor 
in the cold trap, more of the contaminant 
will be removed from the trap than 
enters it. To leave the trap in the system 
is a waste of refrigerant as well as an 
impairment of the pumping efficiency. 
It is usually advantageous to provide 
a cone-shaped bottom for the trap and 
equip it with a drain plug. By draining 
the cold trap of condensed water vapor, 
after it has warmed up it will not nor 
mally be necessary to disassemble and 
clean out the trap after each usage 
Refrigerants used in cold traps depend 
upon the required temperature in the 
trap. For many purposes, may 
serve, but attainable temperatures are 
limited. A good refrigerant for inter 
mittently used traps consists of equal 
volumes of mineral spirits and CC1,, and 
chipped dry ice. This solvent mixture 
is much safer to than the very 
volatile and inflammable acetone and is 
less noxious than the frequently recom 
mended trichloroethylene 


feature becomes objectionable as 


vapor in 


brine 


use 


This mixture 
100° 


Where a mechanical refrigerating sys 


gives a temperature of about 


tem is to be used, an ethylene glycol and 
water mixture or mineral spirits may 
be used as a refrigerant. 


> - 
t 
: 
} 
‘ 
Page 201 


The engineer should beware of the 
fallacy that several cold traps in series 
at different temperatures may be used 
to collect different condensables. A com- 
bination of this sort is equivalent only 
to the cold trap with the lowest temper- 
ature, owing to the fact that the other 
traps will be “pumped” out by the low- 
temperature trap. 


Welding 


Vacuum welding is an art, and a 
highly refined one at that. Good welders 
are capable of producing a welded seam 
or joint which is both mechanically 
strong and leak-tight if they remember 
that the weld must be flowed 
across the seam continuously without 
applying too much weld metal and with- 
out breaking the arc, if possible. It is 
particularly important not to apply too 
much weld metal when the welded area 
is to be subject to high temperatures. Ii 
this procedure is followed, the chances 
of the weld cracking after it has been 
heated are reduced, Of the 
welding rod used must be of the same 
composition as the material to be welded. 
After a weld is completed, it should be 
leak-checked either by using pressure 


metal 


course, 


and soap solution as previously de- 
scribed, or by using a suitable leak 
detector. If a leak is found, the weld 


should be ground off to the base metal 
and a new weld made. This also applies 
to welds which have cracked during 
service. The supposition that applying 
another layer of weld metal over the 
original leaking weld will correct the 
situation is fallacious. Leaks are seldom 
corrected this way, and are 
likely to be set up which will cause a 
new crack upon heating. In all vacuum 
welding it is advisable to use small 
diameter welding rods. This minimizes 
the crater size and the ameunt of heat 
required, Commercial vacuum welding 
is done often by two welders operating 
as a team. When the rod used by one 
welder becomes depleted, the second 
welder picks up the arc immediately so 
that there will be no break in the weld 
to cause a leak later. 


stresses 


Cleanliness of the System 

The importance of a clean system with 
regard to outgassing and pump down 
time cannot be emphasized too strongly. 
\ll parts of the vacuum system must be 
scrupulously inspected for rust, 
and other foreign materials which are 


scale 


capable of adsorbing large quantities of 
gas and water. Maintaining clean 
equipment is a laborious task, but can 
be easily justified by the production time 
saved. It has been the writers’ experi 
ence that a certain clean, dry system 
would outgas and pump down to a pres- 
sure of 100m in a matter of minutes. The 
same system, improperly cleaned, out- 
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gassed for as long as 4 hr. before 
reaching the 100u level. This loss of 
time cannot be easily justified in any 
production unit, particularly where 
quality may also be affected. 

In any system where heat is to be 
applied to the evacuated apparatus, out- 
gassing may be hastened by raising the 
temperature of the apparatus to 100° C, 
or higher. Cold traps should always be 
chilled before their insertion into the 
system in order to take advantage of 
their pumping speed during the outgass- 
ing operation. 

In cases where the system pressure 
decreases slowly, and does not attain a 
low enough pressure ‘for leak-detector 
operation, outgassing may be distin- 
guished easily from a gross leak. This 
is accomplished by suddenly chilling the 
cold trap of a thermocouple-type vacuum 
gage (or other gage which records total 
pressure) with dry ice or liquid air. If 
the system is outgassing, a sudden re- 
duction in pressure will be indicated by 
the gage as the nonpermanent gases 
condense in the cold trap. No reduction, 
or only a slight reduction in the indi- 
cated pressure, is evidence of 


leak. 


a large 
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Discussion 


A. Guidenzoph (The Dow Chemical Co’, 
Midiand, Mich.): In 
been my observation that you can vary the ve- 
locity through pipe work from pumps over quite 
a range without 


recent calculations it has 


materially affecting pres- 
sure drop, and yet it seems there should be some 
r bh i design velocity. | under- 
stand that 5,000 cm./sec. or about 10,000 ft./ 
velocity if L/D 
ratio is 3 or less. Of course, allowable pressure 
drop must be considered and calculated by 
Poiseville’s equation adapted to low pressures. 
C. K. Stoddard: Presumably you are concerned 
with the diameter of the pipes with which you 
connect up your vacuum system. We did not 
discuss that. It is our feeling that the available 
literature adequately points out the need for 
large diameters in the piping and we rather 
scrupulously endeavored to keep our pipe sizes 
as large as possible. 


min. is a btainabl 


We didn’t concern our- 
selves with velocity particularly—we were more 
concerned with getting the piping into given 
spaces allotted for our equipment and the 
relative arrangements that we had available. | 
can't stress too strongly the need to have the 
pipes large. | have seen any number of instal- 
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lations where you have sensed that there wos 
a tendency to make the pipes small. That is 
distinctly a step in the wrong direction. If the 
vacuum pump or diffusion pump that you use 
comes with a 6-in. diom., by all means continue 
that diameter to your apporatus. It’s also good 
to continue the outlet of the diffusion pump in 
piping of the same diameter or even larger, to 
your mechanical pump and then reduce down 
to the inlet of the mechanical pump. 

R. A. Koehler (General Electric Co., Schenec- 
tady, N. Y.): With reference to a heat-transfer 
medium in cold traps using dry ice our safety 
engineers urge us to avoid use of acetone, tri- 
chlor, and so on. We have found there is avail- 
able a very low viscosity silicone oil which 
serves the purpose of heat-transfer medium. 
Now the mixture of dry ice in the silicone re- 
sults in a temperature no lower than the dry 
ice itself as is the case, say, with acetone. But 
if the temperature of dry ice chips is adequate 
then we found the silicone oil is quite inert— 
quite sofe—which far out-weighs any additional 
expense. 

C. K. Stoddard: Our problem in connection 
with cold traps led us to consider silicone oil, 
too, but dismissed it because of the expense. 
Our cold traps were approximately the size of 
a 50-gal. drum. 

Cc. R. Bartels (E. R. Squibb & Son, New Bruns- 
wick, N. J.): Have you ever used welding for 
strength and brazing, or silver soldering for 
vacuum tightness? 

C. K. Stoddard: On one occasion we had to 
have the welders braze ail the joints. That was 
at a location in a plant other than the one 
with which | was associated. Thot was done 
when local welders were incapable of producing 
a leak-free joint. They simply brazed every- 
thing up and it seemed to work satisfactorily. 
tL. W. Hull (F. J. Stokes Machine Co., Phila- 
delphia, Pa.): On distinguishing between out- 
gassing and air in-leakage—the application of a 
refrigerant to minimize outgassing is sometimes 
inconvenient. 't depends on the design of the 
system. A simple way to detect air in-leakage is 
to make a record of the pressure-rise rate 
starting at high vacuum and going on into a 
few hundred microns or even to millimeters. If 
the difficulty is the result of outgassing, and not 
of air in-leakage, the pressure-rise rate will drop 
as the system pressure rises. If it remains con- 
stant from the low point on up, then it is ob- 
viously air in-leakage. Is that in line with 
your findings, Mr. Stoddard? 

Cc. K. Stoddard: We used that in some of the 
early work in an operating plant where the 
operator in the production department was try- 
ing to get the thing back on the line. How- 
ever, we didn’t get far when we suggested use 
of that method. The operators were not of the 
technical caliber to keep the records and inter- 
pret the results. The was It 


condition we could not avoid. Finally, the in- 
stallation of a large capacity booster pump 
(KB-300) solved that problem satisfactorily. 


(Presented at A.I.Ch.E. French Lick, 
Meeting). 


Ind., 
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I" recent years the depletion of pure 
sulfur deposits capable of being mined 
by the Frasch process and the acceler- 
ated use of high sulfur-bearing petrol 
eum crudes and natural gases have fo 
cused attention upon augmenting sultur 
supplies from waste hydrogen sulfide. 
Processes tor the recovery of sulfur 
trom hydrogen sulfide occur in variety 
as well as volume in the literature of 
the past twenty-five years. Most of these 
methods depend on the oxidation of the 
hydrogen sulfide, either directly or in 
directly according to the reaction 


H.S + + 


This reaction may be carried out under 
a variety of conditions and with many 
ditferent oxidizing agents 

Commercially, the most successful of 
these methods depends on the vapor- 
phase oxidation of H.S with either air 
or SOs. These oxidations are essentially 
high-temperature and may 
occur at lower temperatures only on 
surfaces or in solution (76). Thus at 
250-350° C., the reaction 


reactions 


H.S + 40,7 


was found to proceed entirely on the 
walls of the vessel and best on glass, Al, 
or Al,Oy. When the walls were coated 
with copper, the reaction was stopped 
almost completely (75). This was con 
firmed kinetically by Taylor and Wesley 
(14), who showed that the oxidations 
occurred only by contact catalysis below 
730° C. Numerous proposals for cata- 
lysts for these reactions appear in the 
literature. These include acti- 
vated carbons, silica gel, silicates of 
Al+++ and Fe+++ and the alkali and 
alkaline earth metals, metal sulfides, and 
alkaline compounds (5, 6). Of these, 
bauxite appears to be the most impor- 
tant. It combines low cost, durability 
and high activity (5). 

The earliest commercialization of the 
vapor-phase oxidation was the Claus 
process, developed about 1890 and from 
which most modern have 
evolved. The process comprised the oxi- 
dation of hydrogen sulfide with air over 


pi ocesses 


R. H. Elkins is now associated with Sinclair 
Refining Co., Harvey, Ill. 
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Sulfur from Hydrogen Sulfide 


B. W. Gamson and R. H. Elkins Greot Lokes Corbon Corp., Morton Grove, Illinois 


A review of the literature on the conversion of hydrogen sulfide to 
elemental sulfur is given. The thermodynamics of the formation of 
sulfur from hydrogen sulfide is developed. A rigorous and unique 
calculation procedure is outlined. Limitations of literature-suggested 
calculation techniques are described. Restrictions on the design of 
units for this conversion are reviewed and the adaptations of the Claus 
process studied. Original kinetic and yield data on the oxidation of 
both hydrogen sulfide and carbony! sulfide are presented. 


a bauxite or iron ore catalyst in a single 
reactor. It was recognized that the lower 
the operating temperature, the greatet 
the vield. Since radiation was the only 
provision for removing the large quan- 
tity of heat evolved in the process, the 
temperature was controlled by restriction 
of the space velocity. In order to achieve 
vields ot 80-900, three 
volumes of hydrogen sulfide (S.T.P.) 
could be converted per volume of cata- 
lyst per hour. Thus, the greatest process 
design problem stems from the highly 
exothermic nature of the reaction. 

The first significant advance in the 
art was made about 1937 by the I. G. 
Farbenindustrie (2 


only two to 


Instead of burn- 
ing the hydrogen sulfide directly over 
the catalyst, one third was burned com- 
pletely to sulfur dioxide under a waste 
heat boiler. The sulfur dioxide was then 
reacted with the remaining two thirds 
of the hydrogen sulfide over bauxite at 
700-750° F. The improvement in this 
modification may be seen by comparing 
the heats of the reactions involved. 


Waste Heot Boiler 

H.S + 3/2 0. ~ H,O + SO, 
4H 124-138 K cal. 

Catalytic Converter 

2H.S + 2H,O + 3/eS, 
AH = 21-35 K cal. 


Over-all Combustion 

Single Reactor 

3H,S + 3/2 O, ~ 3H,0 + 3/eS, 
AH = 145-173 K cal. 


Thus only about one fifth of the total 
heat of reaction is evolved in the cata 
Ivtic converter, so that the operating 
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temperature can be maintained at sufh 
ciently low levels with greatly increased 
space velocities 

A third development basic to many 
was initiated by the 
at about the same 


modern 
I. G. Farbenindustrie 
time as the previous modification (1). 
This process comprised the high temper 
ature (up to 1000° ¢ 
bustion of hydrogen sulfide with air in 


proce sses 


noncatalytic com- 


stoichiometric or greater proportions to 
produce sulfur directly in yields assert 
edly as high as 60-90°%, 
be carried out 


The combustion 
free flame or 
over an The high- 
temperature combustion may be followed 


may ina 


mert contact mass. 


by one or more Claus catalytic conver 
ters to recover effectively all the sulfus 


Theoretical Anclysis 


The experimental evidence and theo 
retical 
relative to the mechanism of the selec 
tive oxidation of hydrogen sulfide to 


data available in the literature 


elemental sulfur are meager. Because 
of this, many different process arrange 
ments combining free-flame combustion 
and Claus catalyst chambers have been 
proposed without equivalent results. The 
theoretical problem is somewhat compli 
cated because of the 
of gaseous sulfur present, and the ex- 


numerous species 
istence of competing reactions. 

At temperatures above about 1200° K., 
and below about 2000” K., the sole stable 
molecular specie of sulfur is the diatomic 
form. 1200° K. and above about 
300° K., a complicated equilibrium exists 
between Sx, Sg and So, the composition 


selow 


upon the temperature and 
Preuner 


extensive 


depending 
total sulfur partial pressure. 
and Schupp (1/3) reported 
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data on the vapor density of sulfur.* 
Kelley (11) reviewed their data, and 
calculated the free energy changes for 
this equilibrium. Based upon the calcu- 
lated equilibrium constants, the system- 
atic variation of Sg, Sg and Sy with both 
temperature and pressure have been de- 
veloped and are presented in Figures 1, 
2 and 3. Recently Klemm and Kilian 
(12) repeated the work from 450 to 850° 
C. with more modern equipment and 
obtained slightly higher molecular 
weights than did Preuner and Schupp. 
However, Klemm and Kilian’s work was 
interrupted by World War II in Ger- 
many, and their data are presented as a 
progress report. Accordingly, the cur- 
rent study was predicated upon the re- 
sults given in Figures 1, 2 and 3. Figure 
4 represents the type of variation ob- 
tained between the various molecular 
species of sulfur at 1 atm. total sulfur 
pressure above the boiling point of sul- 
fur and the saturated vapor pressure 
below. 

The stoichiometric reaction which 
most simply represents the oxidation of 
hydrogen sulfide is given below, 


+ O, ~ 2H,O0 + Sy (1) 
This expression is conditioned by the 
secondary sulfur specie equilibria, 

Se 3S, (2) 
Ss (3) 
Although Equation (1) represents the 
stoichiometry of the reaction, other re- 
actions occur in the complex reaction 


equilibria and may be indicated by the 
following, 


2H,S + 30,7 2H,0 + 250, (4) 
+ SO, 2H,0 + 3/28, (5) 
S, + 20, ~ 2SO, (6) 


The thermodynamic-equilibrium —con- 
stants for reactions (1), (4) and (6) 
are so great at the tree-flame-combustion 
temperatures that no elemental oxygen 
exists in the reaction mixture. Accord- 
ingly, the actual equilibria can be calcu- 
lated from a consideration of reactions 
(2), (3) and (5). Since the combustion 
of hydrogen sulfide occurs with air in 
accordance with the stoichiometry of 
Equation (1), the equilibria are further 
conditioned by Equations (7) and (8) 


* Since this paper was written, Dr. James R. 
West has called the writers’ attention to a more 
recent publication by Braune, H., Peter, S., and 
Nevelling, V., “The Dissociation of Sulfur Vapor,” 
Z. Naturforschg., 60, 32-37 (1951). This paper 
reports the existence of four molecular specie, 
namely, Ss, Sa, Si and S». Preliminary calcula- 
tions in critical temperature regions indicate that 
the yield of sulfur based on the Preuner and 
Schupp data gives fair agreement with the new 
data. 


Fig. 1. Variation of diatomic sulfur with temperature and pressure 
when the total pressure is due to sulfur. 
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Fig. 2. Variation of hexatomic sulfur with temperature and pressure 
when the total pressure is due to sulfur. 
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Fig. 3. Variation of octatomic sulfur with temperature and pressure 


when the total pressure is due to sulfur. 


8 


relating the partial pressures of nitrogen 
to the oxygen-containing gases and the 
ratio of H.S to SO» as related by 
Equation (5). 


HS = 2S0, 


The total pressure is expressed by Equa- 
tion (9). 
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OF SULFUR 
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TEMPERATURE — °C 
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Fig. 4. Equilibrium between the molecular species of sulfur. 


Total pressure = P = H,S + SO, 


+ +N, 
(9) 


Because of the stoichiometry of the sys- 
tem, an oxygen and sulfur balance can 
be written as the gram atoms of sulfur 
are equal to the gram atoms of oxygen. 


(7) 
(8) 


constituents and noting that the oxygen 


content is 
(10) can be written: 


+ SOs + + 6S, 
+ 8S, = 


employed in 
which results in the necessity for not 
more than three and usually only two 
approximations, 
proximate value of A can usually he 
chosen which is within 0.05 to 20 times 


In terms of the partial pressure of the 
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effectively zero, Equation 


(10) 


280, + H,O 


The complete reaction equilibria can 


be calculated by evaluating the equili- 
brium constants as a function of temper- 
ature for Equations (2), (3) and (5) 
and solving them simultaneously with 
the system boundary conditions of (7), 
(8), (9) and (10). A unique and rela- 
tively simple method of calculation is 
presented which of necessity is a trial- 
and-error procedure. 
constants of interest are 


The equilibrium 


(S,)% 
6 
(S.)4 


Equations (7), (8) and (9) may be 
combined to give, 


6.76804 + So + Se 


+ Sy + 2.88H,0 (11) 
Equations (8) and (10) yield, 
SO, + 28. + + BS, = (12) 
Equations (5) and (8) yield, 
H.O)? 
(S,)8/2 (13) 


~ 4(S0,)8 


Because of the low total pressures in- 
volved, not exceeding about 2 atm. in 
commercial sulfur-recovery systems, the 
assumption is made that fugacities are 
equal to partial pressures and that the 
system follows the ideal gas laws. 


The calculation procedure involved the 


following steps 


(H.O)* 
Assume the ratio of as A 

(SO,)* 
From Equation (13) calculate the partial pres- 
sure of S». 
From Equation (2) calculate the partial pres- 
sure of S.. 
From Equation (3) calculate the partial pres- 
sure of Sy. 
Solve Equations (11) and (12) simultaneously 
for the partial pressures of HvO and SO» 
(H,O)* 
(so,)* 
and compare with that assumed in step (1). 


From step (5) calculate the ratio of - 


Repeat the procedure until the assumed valve 
equals the calculated value of A. 


Certain simplifying techniques may be 


making this calculation 


By inspection, an ap- 
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| 
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2888 
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1 
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3 6 
Ny = 3.76(SO. + 1/2H,O + 


the true A value. The ratio of the as- 
sumed to calculated A derived by the 
above procedure is plotted against the 
diatomic sulfur partial pressure, for ex- 
ample, on semilog coordinates. The na 
ture of the resulting curve is substan- 
tially straight with little curvature and 
results in approximately a uniform slope 
for various pressures at constant tem- 
perature. The correct value of S, may 
be read from this curve and the com- 
plete composition analysis calculated. 

Table 1 summarizes the free-energy 
changes for (I), (3) 
and (5) evaluated as a function of tem- 
perature from the data of Kelley (77) 
for the thermodynamic properties of 
sulfur compounds and the data of the 
National Bureau of Standards for the 
free energy of formation of water vapor. 
The corresponding equilibrium constants 
are given in Table 2 

In pursuance of the method of calcu 
lation 


reactions 


just outlined, a series of curves 
was developed for the sulfur vield as a 
function of both temperature and pres 
sure. The per cent conversion was de- 
fined in terms of the equilibrium partial 
pressures as, 


© conversion 
2S. + + 8S, 

- = If 
28, + 6S, + 8S, +H,S +S0, * 
(14) 


These values are plotted in Figure 5 and 
the pertinent calculated values summar 
ized in Tables 3 and 4. 

Noteworthy is the fact that the con 
version to elemental sulfur passes 
through a minimum value in the region 
of 800-900° K. for the pressure range 

Zs 2 atm. which effectively covers 


of % to 2 
the pressures encountered in modern 


industrial practice. Two regions may be 
defined corresponding to approximately 
the areas on each side of the minimum 
point in the conversion curve. The low 
temperature area with yields approach- 
ing 100% can be characterized as the 
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. TOTAL SYSTEM PRESSURE OF | ATM 
ve 4 70% SULFUR REMOVAL AFTER 
- FREE FLAME COMBUSTION 
2 
TOTAL SYSTEM PRESSUAE In ATMS 
AND NO SULFUR REMOVAL ve | 
a 
70 
THERMAL 
65 A 
\\\ 
35 7 
9400 800 700 800 $00 1000 100 12001300 140015001600 
TEMPERATURE °K 


Fig. 5. Theoretical equilibrium conversion of hydrogen sulfide to vapor sulfur by selective- 
oxidation with the stoichiometric air according to the over-all equation 2H.S + O.— 2H.O 


+ 2/eS.. 


catalytic region because the presence of 
a catalyst is required to cause reaction 
to take place between the hydrogen sul- 
fide and sulfur dioxide. At temperatures 
above the minimum and_ particularly 
above about 1300° K., the reaction kin- 
etics in free-flame combustion is rapid 
enough to achieve the maximum yield 
compatible with the thermodynamics of 
the particular system involved. The 
minimum in the equilibrium-conversion 
curve is caused by the shift in the pre- 
dominant sulfur specie with temperature. 
The formation of diatomic sulfur by re- 


actions (1) and (5) increases with 
increasing temperature; whereas, the 
opposite is true with Sg and S,. The 


shift in the predominant form of sulfur 
specie also accounts for the reversal of 


Temp. 


Table 1.—Free Energy Changes in Gram Calories Per Formula 


the effect of total system pressure with 
temperature. At constant temperature in 
the thermal region, conversion decreases 
with increase in pressure because of the 
presence predominantly of Sy and the 
formation of a greater number of moles 
in the products of reaction. In_ the 
catalytic region, the pressure effect re- 
verses itself because of the large pres- 
ence of S, and Sx, and the formation of 
fewer moles in the reaction mixture 
One of the key considerations in the 
design of sulfur-recovery systems, 
operation of the catalytic reactors at as 
low a temperature as possible that is still 
above the sulfur dew point. The latter 
can be looked upon as the minimum 
operating temperature. In Figure 6 and 
Table 4 are summarized the sulfur par- 


18 


REACTION 400 600 800 900 1000 1100 1200 1600 2000 
1 —73,908 —73,315 —72,911 —72,634 —72,360 —72,080 —71,805 —70,567 —69,146 
2 36,815 22,196 7,310 —203 — 7,750 —15,370 —23,016 —53,883 —85,157 
3 53,532 31,225 8,518 — 2,940 —14,480 —26,069 —37,727 —84,784 —132,450 
5 5,793 2,958 —93 — 1,547 — 3,000 — 4,459 — 5,917 —11,598 —17,057 


Table 2.—Equilibrium Constants = Kp 


Temp. °K. 


REACTION 400 


600 


1200 


7.7110" 8.24 x 10° 1.007 « 10° 15,520 
3 56710" 42410" 471 x 10° 5.17 1444 1.55 X 10° 7.25 xX 10° 
6.84 « 10* 8.37 x 10° 1.06 2.38 4.53 7.69 11.96 38.4 73.1 
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800 900 1000 1100 1600 2000 

Page 206 April, 1953 


Table 3.—Calculated Equilibrium Compositions in 
Partial Pressures (atm.) 


Total Pressure — 
Temp. 


gases into the atmosphere because ot 
air-pollution control, sulfur is frequently 
removed in a primary condenser follow 
ing the boiler. With this type of opera 
tion the sulfur recovery follows a dit- 
terent curve at constant pressure trom 
that previously developed It has been 
observed in the laboratory and plant that 
sulfur vields equal to about 70% can be 
obtained after combustion, 
Assuming such a yield, the theoretical 


Atm. 


Component 


600 
.0004 

0090 
0093 
0186 
1448 
3074 

83.0 


free-flame 
0219 


0438 
.1073 
2845 

56.6 


sulfur recovery in the catalytic 
calculated by 


conditions 


region 
can be setting up the 
proper 
(8) and (9) are still valid 


boundary equation 


blow 


sulfur and oxygen balance 1 


(7), 
Total Pressure ever, the 


Temp. now written as 


Component gram atoms sulfur 0.3 


(gram atoms oxygen) 


é + 6S¢ + 8S, 
0413 
0826 
2194 
5678 
59.0 


0.6SO, 4+ 0.31.0 


2126 


5827 
52.8 


Equation (12) then becomes, 


5702 


53.7 RSO),, 


+ 6.6678. 4+ 20S, 


Total Pressure — 2 Atm. 


Temp. °K. 


so, 

H.S 

H.O 

N, 

% Conv. 


tial pressures as a function of system 
pressure and temperature. The vapor 
pressure of sulfur is also plotted in Fig- 
ure 6 and the intersection of this curve 
with the sulfur partial-pressure curves 
corresponds to the dew points. The dew- 
point curve is superimposed on the con- 
version curves of Figure 5. It is signifi- 
cant that along an isotherm, the yield 
is favored with increasing pressure, but 
the catalytic case can be operated at 
lower temperatures with lower total 
pressures giving an effective higher 


yield. Thus the maximum yield with one 
catalyst case and no sulfur removal is 
increased by 4% in going from 2 to 1% 
atm. In contrast to this, at the dew 
point for 2 atm. total pressure of 
580° K., the theoretical yield is about 
4% higher than for % atm. and the 
same temperature. The theoretical dew 
points and yields are summarized in 
Table 5. 

Where a pure hydrogen sulfide gas 
feed exists or where it is required to 
minimize the output of sulfur-bearing 


Table 4.—Total Sulfur Pressure in Atmospheres When No Sulfur 
Is Removed 


Total System Pressure—Atm. 


26.6675 16) 


With ssions, the iden 
tical 


outlined is folk 


these 
calculation 


new expre 


procedure previously 
wed, Similar conditional 
equations may be written for the pres 


ence of water vapor, tail gas recycle 


conversion curves calcu 
the 
summarized 


etc., and new 
lated. For the case 
has been evaluated and is 
in Table 6. Data are plotted in Figure 
S and 6 as well. The 
ical vield thus obtained when operating 
at the dew point is 97.1% or about 5% 
greater than without the primary con 
denser, 

The technique described to calculate 
the true sulfur equilibria is completely 
One common attempt to sim 


chosen vield 


maximum theoret 


general. 
plify the procedure has been discussed 
in the past which is predicated upon 
treating the complex sulfur equilibria as 
a single specie of average molecular 
weight corresponding to the true equili 
bria mixture. The inherent error in thi 
method has not been recognized, and it 
The over all 
as taking place 


is accordingly reviewed. 


reaction is considered 
between H.S and SOs, and reactions 
(2), (3) and (5) are combined into one 
omnibus equation as, 

2H.S + SO.= «8, + (17) 
+ bS¢ + CS¢ (18) 
b + (19) 
+ + 


(20) 


rS, aSo 


e = 3/x = yo(2) 


where 
Yo t+ = 1 (21) 


The mole fractions, y, are evaluated at 
a given temperature and total sulfur 
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Fe 800 900 1000 1600 
0310 0424 0465 0572 
0030 0001 0 0 
0002 
0242 
H.S 0484 0385 0236 
H.O 1058 1122 1261 
N. .2880 2836 2813 
% Con. 52.9 
S. 0 0005 0800 0888 .1123 
Ss. 0014 0197 0103 0005 .0001 0 or 
0402 .0207 0 
sO 0005 0143 1s 
H.S 0010 .0976 .0932 
H.O 3228 4.2992 
N, 6351 6170 
% Con. 99.55 86.8 
. Component 600 800 900 1000 1600 
S, 00066 0676 1475 2184 
0354 0306 0029 0001 0 
0456 0044 0001 0 0 A 
0259 0911 0983 0892 0543 
0518 1966 1784 1086 
6044 445) ANS 4264 4913 
1.2362 1.1790 1.1434 1.1376 1.1274 ‘ 
87.0 56.4 51.4 55.8 726 
. 
Temp.—° K. 2 
1600 .0572 .1123 .2184 | 
1000 0463 0889 1684 
800 0342 0583 1026 
600 0199 0409 0816 
400 .0208 0416 0832 
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pressure, The actual moles are a, b and 
c formed of Sy, Sg and Sg, respectively, 
at equilibrium. The free-energy change 
for Equation (17) can be evaluated by 
conventional means remembering to use 
the equilibrium moles as defined by 
Equation (18). Unfortunately the free- 
energy change becomes a function of 
both temperature and the equilibrium 
total sulfur pressure. The hybrid equili- 
brium constant for Equation (17) is 
written as 


_ (S,)*(H,0)? 
Kit (H,S)2(SO.) (22) 
or, 
K,; = A(S,)* (23) 
where 

2 
A=- (H,0) 
(H,S)#(SO,) 


Because of the method of calculating the 
free-energy change which is thermody- 
namically correct, the valid expression 
for Ki; is, 

Ky; 
where all values are expressed in partial 
pressures. Accordingly, if Equations 


(22) and (23) are thermodynamically 
sound, 


A(S2)*(S¢)°(Ss)° (24) 


(S.)? = (25)) 
By Equation (19), 
Se = 

(which is impossible) (26) 


However, the true equilibrium sulfur 
partial pressure is given by, 


S, = Ss (27) 


Thus if Equation (22) is used to calcu- 
late the equilibrium sulfur partial pres- 
sure, errors in the total pressure as well 
as errors in the % conversion, dew 
points, other compound compositions 
and secondary design calculations will 
result unless only one molecular specie 
exists. Hlowever, when the latter is true, 
straightforward calculation procedures 
may be used. 


High-Temperature Combustion 


For the conversion of a highly con- 
centrated hydrogen sulfide stream, the 
free-flame-combustion process described 
in the Baehr and Braus patent appears 
particularly attractive as the first stage 
in the process. Such a process should 
decrease the load on the catalytic-con- 
version step from the kinetic as well as 
the thermochemical point of view. The 
use of the free-flame combustion is also 
desirable from another point of view. 
The presence of a small proportion of 
aromatic or aliphatic hydrocarbons in 
the hydrogen sulfide stream was found 
to cause a continuous deactivation of 
bauxite catalyst by coke deposition. At- 
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Table 5.—Theoretical Dew Points and Corresponding Yields 


Total System Pressure 


Theoretical Dew Theoretical Yield at 


Atm. No S Removal Point, °K. Dew Point, % 
% 527 93.5 
— “ 553 92.0 
2 - 580 89.7 
1 — 70% S$ removal 508 97.1 
1.0 
os VAPOR PRESSURE 
sas OF SULFUR 
TOTAL SYSTEM PRESSURE 

a IN ATMS. AND NO SULFUR 

= REMOVAL 

| 

0.1 

a 

' 

005 

o 

a 

a 

<= 002 

= TOTAL SYSTEM PRESSURE OF | ATM. AND 

< 70% SULFUR REMOVAL AFTER FREE 

FLAME COMBUSTION 

= 0.01 

a 

a 

0.005F 

£ TOTAL EQUILIBRIUM SULFUR 

PARTIAL PRESSURE 
0.002 
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Fig. 6. Total equilibrium sulfur partial pressure. 


Table 6.-—Sulfur Yield for 70% Sulfur 
Removal and One Atm. Pressure 


°K Total Conversion 


~ 
3 


99.6 
98.9 
97.2 
94.0 
88.9 
81.5 


tempts to add the stoichiometric propor- 
tion of air necessary for complete com- 
bustion of the hydrocarbons as well as 
the conversion of hydrogen sulfide to 
sulfur at temperatures up to 460°C, 
were unsuccessful. The result was an 
increased rate of catalyst deactivation 
as well as increased formation of SO, 
at the expense of sulfur owing to the 
accelerating effect of oxygen on the de- 
hydrogenating condensation to coke. 
Thus, by effecting the complete combus- 
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tion of hydrocarbons, the free-flame 
combustion also serves to protect the 
catalyst from deactivation. 

Since the theoretical equilibrium cal- 
culations confirmed the possibility of 
high conversions to sulfur, it was de- 
cided to investigate the possibilities of 
the free-flame combustion. The theore- 
tical flame temperature for the combus- 
tion of pure hydrogen sulfide with the 
stoichiometric proportion of air to pro- 
duce sulfur was calculated by standard 
procedures to be of the order of 1400° C. 
According to the theoretical equilibrium 
calculations, a maximum conversion to 
sulfur of about 75% can be expected at 
these temperatures and standard operat- 
ing pressures. Furthermore, at such 
temperatures, the kinetics of the reac- 
tions were expected to be rapid enough 
that equilibrium would be achieved. 


In the laboratory, a preliminary investigation 
of the free-flame combustion of pure hydrogen 
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sulfide was carried out using small Pyrex gloss 
burners. The burners comprised simply two con- 
centric tubes. The inner tube carried the air 
while the HS was conveyed through the annular 
space so that mixing occurred in the flame peri- 
phery. The combustion, of course, was carried 
out in an enclosed space so that the fuel air 
ratio would be controlled. 

Flame stability with such burners was relatively 
easily achieved by proper adjustment of the 
linear velocities of the reactants, the burner 
diameter and the flame temperature. At low 
linear velocities, the flame was stable even when 
the surroundings were at room temperature. To 
maintain flame stability ot higher linear veloci- 


ties, it was necessary to minimize radiation heat 


losses by providing a d envir t. In 
commercial operation, of course, the combustion 
is carried out in a well-insulated combustion 


chamber. 


According to the data in the literature, 
the yield of sulfur from the noncatalytic 
combustion of hydrogen sulfide varies 
from 60 to 90% depending on the condi- 
tions. When the combustion was carried 
out in a heated reaction tube where 
mixing of the occurred 
throughout the reaction zone, as reported 
by Herndon, et al. (10), sulfur yields 
varied from 76 and 82% between 600 
to 750°C. Packing the reaction zone 
with tabular alumina granules did not 
appear to affect the results. 

Baehr and Braus (1) claim yields of 
80-90% when the combustion is car- 
ried out in a iree flame at temperatures 
up to 1000° C. In both cases, the yields 
claimed are in excess of that predicted 
by the calculated thermodynamic equi- 
libria. 

In experiments with free-flame com- 
bustion at temperatures in excess of 
1300° C. followed by proper and critical 
quench rates in the Great Lakes Carbon 
Corp. laboratories, improved results 
were obtained (8). 


reactants 


The apporatus comprised a 10-mm. Pyrex tube 
concentric to a 6-mm. Pyrex tube. The inner tube 
carried the air while the H.S passed through the 
annular space to the flame. After the burner 
was ignited and set in place, the flame was 
allowed to heat the gloss enclosure to a temper- 
ature just above 100° C. so that water would not 
condense out and serve as a medium for further 
reaction. After the system was well purged with 
reaction products, the off-gases were passed 
through an analytical aqueous sodium hydroxide 
scrubber. The sulfur yield was calculated as the 
difference between the amount of H.S charged 
and the unreacted HS and SO». With flow rates 
of 0.31 cu.ft./hr. of HS and 0.76 cu.ft./hr. of 
air and proper quench rates, the average yield 
of sulfur in many experiments was 90 + 1%. 
These yields ore greater than the calculated 
equilibrium. The experimental method appears 
to have been sufficiently precise. The analytical 
method gave satisfactory results with known 
mixtures of hydrogen sulfide and sulfur dioxide 
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in nitrogen. Care was taken to preclude the 
further reaction of product hydrogen sulfide and 
d d water which would 


sulfur dioxide in « 
give high apparent sulfur yields. 

Yields greater than the theoretical equilibrium 
at the flame temperature would be obtained if 
reaction continued during cooling until the equi- 
librium was frozen at a temperature where the 
reaction rates become slow. However, this 
seemed unlikely since the actual conversion cor- 
responds to the equilibrium at o temperoture of 
300° C. so that the reaction rates would have 
to be extremely rapid down to that temperature. 
Furthermore, Taylor and Wesley (14) have shown 
that the reaction occurs principally on surfaces 
below 730° C. Since the surface to volume ratio 
in the flame enclosure was quite small, it is im- 
probable that such a mechanism is in operation. 


A more plausible explanation lies in the 
fact that owing to kinetic restrictions, 
the upper limit of the conversion may 
be controlled by the thermodynamic 
equilibrium of the primary reaction, 


+ 2H,0 + Sy 


rather than the calculated equilibrium 
involving sulfur dioxide. The equili- 
brium constant for the above reaction is 
on the order of 10'® at 1300° C. so that 
the conversion could be considerably 
more than 909%. This would occur if the 
formation of sulfur dioxide is suppressed 
kinetically. The kinetics of the oxidation 
of hydrogen sulfide is undoubtedly 
quite complex and like other oxidations 
probably occurs by a free radical mech- 
anism. Although little is known of the 
detailed mechanism, it seems probable 
that sulfur is formed before sulfur diox- 
ide in the chain of reactions especially 
at high temperatures. The sulfur dioxide 
may actually be formed principally from 
the sulfur produced. Then, as suggested 
by Herndon, et al. (/0), a competition 
for the oxygen is set up between the 
unreacted hydrogen sulfide and the 
product sulfur. 

In such a sequence of reactions, it is 
easy to understand how sulfur might be 
produced as the principal product. The 
rate of formation of sulfur dioxide is 
necessarily slower than that of sulfur 
since it is a function of the partial pres- 
sure of hydrogen sulfide, sulfur and 
oxygen, and as the partial pressure of 
sulfur is increasing, that of the oxgyen 
is decreasing. Furthermore, the sup- 
pression of the formation of sulfur 
dioxide is also favored by the rapid 
quench in accordance with the Gamson 
(8) process. The formation of sulfur 
dioxide by the interaction of the prod- 
ucts, sulfur and water, would be ex 
pected to be relatively slow because of 
the complexity of the stoichiometry. 
Such secondary reactions are further 
suppressed by the rapid quench to low 
temperatures which occurred in the 
Great Lakes Carbon free-flame experi- 
ment. 
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Catalytic Studies 


For the purposes of the experimental 
investigation of the catalytic conversion 
as the second stage in the process, it 
was assumed that the calculated equili- 
brium conversion to sulfur was attained 
in the high-temperature combustion 
stage. At a combustion temperature ot 
1280° K., it was calculated that convert 
sion was 69.4% and that this quantity 
would be removed before the stream en- 
tered the catalytic chamber. 

Most commercial hydrogen sulfide 
streams contain appreciable quantities of 
carbon dioxide and light hydrocarbons, 
It has been established that the high- 
temperature combustion of such a gas 
results in the conversion of part of these 
carbon compounds to carbonyl sulfide. 
Therefore, the effluent from the combus- 
tion unit will comprise sulfur, nitrogen, 
steam, sulfur dioxide, carbonyl sulfide 
and unreacted hydrogen sulfide. If the 
combustion is carried out with the 
proper proportion of air, the effluent will 
contain the 
sulfur dioxide necessary to convert all 
the carbonyl sulfide and hydrogen sulfide 
to sulfur according to the following 
equations : 


stoichiometric quantity of 


2H.S + SO. 3S + 2H,0 
2COS + 3S + 2CO, 


The catalyst used in the final stage of 
the recovery process must, therefore, 
promote both of these reactions eff- 
ciently. Accordingly, the catalytic activ 
ity of commercial bauxite was deter- 
mined for each of these reactions 
separately as well as for the oxidation 
of 
erature (5, 8) as being efficient for 
the COS and CS, conversions with SOs. 


tauxite is suggested in the lit 


The catalytic reactor (Fig. 7) comprised a 1%- 
in. 1D. sillimonite tube, 36 in. long, heated 
electrically by means of nichrome resistance wire. 
The catalyst bed occupied the middle 18 in. 
Reactant gases were introduced by means of 
pressure regulators and flowmeters. Water was 
introduced by saturating nitrogen with water 
vapor at a controlled temperature. The sulfur 
condenser ond reservoir as well as the outlet 
lines were maintained at the melting point of 
sulfur to keep water from condensing ovt and 
serving as a solvent for further reaction between 
SO, and H,S. The catalyst used wos 48 mesh 
Porocel, which is an activated bauxite with low- 
iron content and 2% volatile content. 

In a typical experiment, the cotalyst was 
charged and the reactor brought to 250-300° C. 
When the temperature had become relatively 
constant, the reactants were introduced and flow 
rates adjusted. The reaction wos allowed to 
proceed for at leost fifteen minutes to purge the 
system with reaction products. As soon after 
this as the temperatures were lined out, the off- 
goses were switched to an analytical scrubber 
for a definite time interval. The liquid sulfur 
was weighed and the yield of unreacted H,S -} 
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Fig. 8. Over-all sulfur yield at 1 atm. total pressure and 69.4% sulfur removal 
after free-flame combustion. 


Table 7.—Over-all Sulfur Yield at One 
Atm. Total Pressure and 69.4% Sulfur 
Removal After Free-Flame Combustion 


Space Velocity 
Std. cu. ft. gas/ Total 


(eu.ft.cat.)(hr.) Temp. °C. Conversion 
240 230 97.9 
240 260 96.7 
240 300 94.8 
480 230 96.9 
480 260 95.8 
480 300 94.4 
960 230 96.0 
960 260 95.2 
960 300 94.0 

1920 230 93.8 
1920 260 93.4 
1920 300 92.9 


SO, determined analytically. The method of 
analysis used was to absorb the unreacted H.S 
and SO, in concentrated NH,OH. The total sul- 
fur-bearing gases were determined by iodiometric 
titration on one aliquot of the sample; on an- 
other aliquot the H.S was precipitated with 
excess silver nitrate, filtered off and the unused 
AgNO, back titrated with potassium thiocyanate. 
The composition of the reactant gas was essen- 
tially that of the effluent of the noncatalytic 
combustion of pure hydrogen sulfide (assuming 
a 69.4% conversion to sulfur) after having been 
cooled to condense out all the sulfur. Its exact 
analysis is shown in Table A. 


Table A.—Mole % 


6.78 
so, 3.39 
Ne 63.00 
H,O 26.83 


Figure 8 and Table 7 present the yield 
of sulfur for the over-all process (high 
temperature combustion followed by the 
catalytic reaction) as a function of the 
reciprocal space velocity (hr.) and 
temperature of the catalytic reaction. 
These yields were calculated from the 
experimental data assuming a 69.4% 
conversion to sulfur in the high-temper 
ature combustion. As the space velocity 
decreases, the curves appear to be ap- 
proaching asymptotically an equilibrium 
value. At the right of each curve is 
shown the calculated equilibrium con- 
version at that temperature. These values 
take into account the displacement of the 
equilibrium, resulting from the removal 
of the sulfur from the effluent, from the 
combustion by condensation prior to 
introduction to the catalytic reactor. 

The agreement between the calculated 
equilibria and the experimentally deter- 
mined values at a space velocity of 240 
is quite close. However, the experimen- 
tal results are somewhat higher than the 
theoretical values. Table 8 summarizes 
the extrapolated experimental curves of 
Figure 8 at zero space velocity which 
is the ultimate conversion at constant 
temperature. The difference between 
these and the calculated values are 
plotted as a function of temperature in 
Figure 9. This difference between the 
theoretical and experimental results is 
probably due to slight inaccuracies in the 
basic data of Preuner & Schupp. Figure 
9 can be looked upon as a first approxi 
mation correction factor to the theore 
tical curve in the temperature range cov 
ered, 

It was found that the catalytic reac 
tion must be carried out at a temperature 
above that at which liquid sulfur con 
denses out of the reaction mixture, since 
liquid sulfur effectively poisons the 
activity of the catalyst. In this study, 
the initial condensation of sulfur from 
the reaction mixture occurred at about 
250° C. However, apparently reliable 
yield data were obtained below the dew 
point at the lower space velocities by 
the following procedure: 


The reaction was carried out at a temperature 
well above 250°C. to purge the system with 
reaction products and condition the catalyst. 
Then the reactants were shut off and the catalyst 
bed allowed to cool to a temperature below 
250°C. The reaction gases were introduced 
again and as soon as the temperature became 
constant (about 5 min.) the analysis was taken. 
At space velocities below 500, the analyses 
could be obtained before the poisoning became 
appreciable. Thus, the data obtained below 
250° tend to be a conservative estimate of the 
conversions obtainable at those temperatures. 

For the experimental investigation of the con- 
version of carbonyl sulfide to sulfur by oxidation 
with sulfur dioxide, the apparatus, procedure 
and catalyst used were the same as those just 
described for the hydrogen sulfide-sulfur dioxide 
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reaction. The reactant gas comprised a blend 
of carbonyl! sulfide, sulfur dioxide and nitrogen 
in the concentrations which would be expected 
in the effluent from the combustion unit. The 
exact analysis was as shown in Toble B. 


Table B.—Vol. % 
5.5 


2.75 
91.75 


The off-gases from the reactor were scrubbed 
free of sulfur dioxide with aqueous sodium 
hydroxide and then the carbonyl sulfide ab- 
sorbed in alcoholic sodium hydroxide. These 
solutions were analyzed, the sulfur weighed, and 
the yield of sulfur calculated as the difference 
between the moles of sulfur charged and recov- 
ered in the off-gases. 


Table 8.—Per Cent Difference Between 
Extrapolated Experimental Ultimate Yield 
and Theoretical Calculated Yield at One 
Atm.—Total Pressure and 69.4% Sulfur 
Removal After Free-Flame Combustion 


% 
Temp. Ultimate 
c. Yield 


300 
260 
230 


95.2 
97.4 
98.3 


Table 9.—Per Cent of Reduction Carbonyl 
Sulfide to Sulfur Over a Bauxite Catalyst 


Space 
Velocity 
std.cu.ft./ 
(cu.ft.)(hr.) 


% Sulfur 


Run No. Yield 


Temp. C. 


200 93.5 
95.1 
97.2 
65.3 
93.0 
57.0 


93.5 


Five runs were made at a space velocity of 
200 and various temperatures between 255° C. 
and 303° C. The yield of sulfur appeared to be 
relatively constant over this range, the average 
being 94.5+ 2%. The dota below 250° C., 
which is the approximate dew point of the prod- 
uct mixture, are not too accurate. However, it 
appeored that the conversion decreases rapidly 
below 255° C. to approximately 65% at 220° C. 
This is shown in Figure 9 and Table 9. 


Commercial Processes 


It is clear from the theoretical analysis 
just presented that the reaction must be 
carried out, at least in its final stages, 
at temperatures below 300° C. in order 
to achieve yields of 95°% or better. In 
achieving this in a practical process 
design, two important factors must be 
taken into account. They are: 
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combustion. 
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CONVERSION OF CARBONYL 
SULFIDE BY SULFUR 
DIOXIDE OVER BAUXITE 


200S + S0,—» 260, +345, 


EQUILIBRIUM 
CONVERSION 


20 250 


Fig 


1. The exothermic heat of reaction 
The the amount of reaction 
taking place in a single unit, the more 
difficult it is to balance reaction heat 
with heat removal at a sufficiently low 
temperature It is necessary, therefore, 
that the recovery of sulfur from con 
centrated streams of hydrogen sulfide be 
carried out in at least two stages, the 
last of which must be catalytic in nature 
to achieve conversion at temperatures 
below 300° C. 

2. The sulfur dew point of the re- 
action product. The catalytic reaction 
must be carried out at a temperature 


greater 
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300 
TEMPERATURE — °C 


350 


10. Conversion of carbony! sulfide by sulfur dioxide over bauxite 


greater than that at which sulfur begins 
to condense out in liquid form since the 
latter effectively poisons the activity of 
the catalyst. In the the 
reactants are pure hydrogen sulfide and 
air, liquid sulfur will condense out at 
the equilibrium conversion of about 92% 
at 280°C. and 1 total 
Thus it is desirable that a 

portion of the total conversion to sulfur 


system where 


atm pressure 


substantial 


he effected and the sulfur condensed out 
before the final catalytic stage. 


To illustrate the effect of these conditions on 
process design, the evolution of the Claus process 


Page 211 


| | 
i N. 
4 
4 
4 
4 
% 
Theo- Ultimate- 
retical Theo- 
95.4 2.0 * 
97.4 09 90 
10 
W 
12 
13 
4 
15 
16 | 278 
50 
an 
| 
= 


CLAUS 
CASE 


may be examined. In the original Claus process 
(Fig. 11), the entire reaction was carried out in 
a single catalytic converter. Owing to the 
restriction imposed by the exothermic heat of 
reaction, the space velocity was limited to about 
2-3 vol. of hydrogen sulfide (S.T.P.)/(hr.)(vol. 
of cata’yst) at a yield of 70-80% sulfur. In one 
of the early variations of the Claus process, an 
attempt was made to correct this difficulty by 
dilution of the reactants with recycle tail gas 
(see Fig. 12). Although this resulted in better 
temperature control, little relief from the basic 
restriction of the heat reaction on the space 
velocity was achieved, and much larger units 
were required to handle the greater gaseous 
volumes. 

The first significant improvement in the process 
was the 1.G. Farbenindustrie modification (Fig. 
13). This is a two-stage process in which the 
hydrogen sulfide stream is split, one third being 
burned completely to sulfur dioxide under a 
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Fig. 11. Claus process. 


waste heat boiler, cooled and reacted with the 
remaining two thirds of the hydrogen sulfide in 
a bauxite converter. The improvement results 
from the fact that almost 80% of the total heat 
of reaction is liberated before the final catalytic 
conversion. Thus, the restriction imposed by the 
heat of reaction is removed to a major extent 
and the space velocity may be increased about 
because of the 
sulfur dew point of the mixture, the catalytic 
reaction temperature is still limited to 280° C. 
Only by the addition of a sulfur 
condenser and a second catalyst converter can 


one hundred fold. However, 


or higher. 


the final reaction temperature be lowered. An- 
other advantage of this process is that when 
large quantities of carbon dioxide are present 
in the feed, complications in the catalyst case 
due to the formation of carbonyl sulfide in the 

bustion chamber are negligible unless hydro- 
carbons are present also in the feed. 


In the later |. G. Farbenindustrie modification 


CLAUS 
CASE 


AIR 


(Fig. 14), the whole hydrogen sulfide stream is 
burned with the stoichiometric proportion of air 
necessary for conversion to sulfur in a free flame. 
This unit, where 60-70% of the total conversion 
to sulfur takes place, was followed by one or 
more catalytic converters. The improvement of 
this process over the previous modification is 
twofold: 


1. Of the total heat of reaction 90- 
95% is liberated prior to the final cata- 
lytic-conversion stage, and, 

2. At least 70% of the total conver- 
sion to sulfur may be effected and the 
sulfur condensed out prior to the cata- 
lytic conversion, thus lowering the maxi- 
mum dew point of the mixture. For a 
feed consisting of pure hydrogen sulfide, 
the maximum dew point would be low- 
ered from about 280° to 235°C. By 
recycle of tail gases in a ratio of 1:1, 
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Fig. 12. Modified Claus process. 
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the dew point may be lowered even 
further, permitting reactor temperatures 
of about 210° C. where sulfur yields in 
excess of 98% are possible. The lower 
temperatures outweigh the addition of 
water. This technique is shown in Fig- 
ure 15 as the Great Lakes Carbon Corp. 
process. It is particularly useful where 
pure hydrogen sulfide streams are en- 
countered and/or air-pollution control 
necessitates a minimum evolution of 
sulfur-bearing gases to the atmosphere. 
Figure 16 summarizes the profile of tem- 
perature, dew point and conversion ob- 
tained in the process. 

Barkholt (3a) has patented a process 
which essentially includes the features 
of Baehr and Braus (1) and Baehr and 
Mengdehl (2) in the presence of appre- 
ciable quantities of hydrocarbons. This 
process operates in the temperature 
range of 400-500° C. which is allegedly 
high enough to eliminate carbon deposi- 
tion on the catalyst. 

With the restrictions imposed by the 
exothermic heat of reaction and the dew 
point of the mixture effectively removed, 
the actual yields obtainable will depend 
only on the activity of the catalyst. In 
the absence of carbonyl sulfide, bauxite 
is quite efficient so that conversions as 
high as 97-98% are obtainable with only 
one catalytic converter. 

The fact that most commercial sources 
of concentrated hydrogen sulfide are 
contaminated with small amounts of 
light hydrocarbons, which are converted 
to carbonyl] sulfide in the high-tempera- 
ture combustion, complicates the situa- 
tion. The presence of carbon dioxide 
likewise affects the formation of car- 
bonyl sulfide. Data presented in this 
paper indicate that the conversion of 
carbonyl sulfide is about 93% complete 
at 260° C. at a total space velocity of 
200. Under the same conditions, the 
conversion of hydrogen sulfide is about 
97% complete. On this basis, assuming 
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Fig. 13. 1. G. Farbenindustrie—Clous process. 
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ig. 14. Modified |. G. F. Claus process. 


a conversion of about 70% in the free- 
flame stage, the over-all yield would 
approach 97% with only one catalytic 
converter. However, at space velocities 
appreciably greater than 200, the con- 
version of carbonyl sulfide would be 
incomplete at 260° C. If the temperature 
is increased to a point where the con- 
version of carbonyl sulfide is complete, 
the conversion of hydrogen sulfide be 
comes incomplete. For this reason, most 
commercial processes involve two cata 
lytic reactors where COS is present; the 
first being operated at a temperature 
level of about 400° C. to assure a high 
conversion of carbonyl sulfide, and the 
second reactor operating at as low a 
temperature as practicable to maintain 
high conversions of hydrogen sulfide. 

The foregoing remarks concerning 
the restrictions placed on the process 
design for this reaction by the thermo- 
dynamics, the heat of reaction and the 
dew point of the system apply in par- 
ticular to concentrated hydrogen sulfide 
streams. The concentrated the 
stream, the less serious are the restric- 
tions. For dilute hydrogen sulfide 
streams, a single bauxite converter may 


less 
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suffice to accomplish high yields of sul 
fur by direct oxidation with air. Such 
a process, shown in Figure 17, has been 
described by (14a) and 
Graff (9) for simultaneous desulfuriza 
tion of and sulfur recovery from inflam- 
mable gases bearing hydrogen sulfide in 
low concentrations. In_ this the 
reactant gases must be preheated. In 
this process, the concentration of hydro- 
gen sulfide is limited to a relatively low 
value. 
ture, 


Thompson 


Case, 


For a given operating tempera 
and therefore sulfur yield, the 
space velocity will be an inverse function 
of the hydrogen sulfide concentration. 
This fact together with the sulfur dew 
point limits the concentrations handled 
practically in this process. 

An _ improved especially 
adapted for simultaneous desulfurization 
and sulfur recovery, has recently been 
announced by the Jefferson Lake Sulfur 
Co. (Fig. 18). The restrictions imposed 
by the heat of combustion with air are 
decreased by with sulfur 
dioxide catalyst. The 
sulfur dioxide is obtained by burning a 
portion of the sulfur product, the heat 
generated being used for preheating the 


process, 


oxidation 


over a “novel” 
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Fig. 15. Great Lokes Carbon Corp. process. 
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Fig. 16. Profile of temperature; dew point and sulfur conversion in the G.L.C.C. process. 
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Fig. 17. Jefferson Lake process. 
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Fig. 18. Jefferson Lake process. Desulfurization of and sulfur recovery from dilute hydrogen sulfide gases 


reactants and the production of steam. 
Hydrogen sulfide in concentrations from 
1-30% can be handled satisfactorily in 
this manner. 
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Training Scientists Today 


ppesrene voices have been raised 
in recent years to blame science for 
most of the present faults of mankind, 
the terrible destruction of the last wars 
and the worse one to come with atom 
and hell bombs. Whether science is in- 
deed the guilty party is a controversial 
question, but whatever the conclusion, 
one has to accept science as a potent 
force in modern civilization. Individ- 
ually we rely at almost every turn in our 
daily lives upon objects and procedures 
which have become available to us 
through scientific research. On_ the 


broader scale we find the entire economic 
life of this country dependent upon con- 
tinuing 


industrial development, built 


George B. Kistiakowsky Harvard University, Cambridge, Massachusetts 


George B. Kistiakowsky, professor of chemistry, Harvard 
University, has been for some time engaged in advisory work 
for the Department of Defense, as a member of the Scientific 
Advisory Board to the Chief of Staff, U.S.A.F., and the Ad- 
visory Committee to the R. and D. Division, Ordnance Depart- 


ment. A native of Russia, Professor Kistiakowsky attended 
the University of Berlin, Germany, and received in 1925 the 
Ph. D. degree. Subsequently he became International Edu- 
cation Board Fellow in Princeton, N. J. and later a staff mem- 
ber of chemistry department, Princeton University. In 1930 
Professor Kistiakowsky went to Harvard, first as assistant pro- 
fessor, then became associate professor, professor holding 
the chair of Abbott and James Lawrence Professor of Chem- 
istry, and department chairman. He has done considerable 


upon a steady stream of practical inven- 
tions. But inventions are the fruit of 
scientific research. And thus the furth- 
erance of a vigorous and creative scien- 
tific activity appears to be an indispen- 
sable prerequisite to the continuing wel- 
fare of this country. 

This is a rather old argument, but in 
recent years it has become reinforced 
by another and less cheerful one— 
science has become indispensable to the 
Military and therefore, in these times of 
continuing not-so-cold wars, to our na- 
tional security. Gone are the days when 
weapons of twenty years ago would 
serve in battles of today. A major por- 
tion of the current rearmament effort is 
devoted to a search for new weapons 
based on most recent technological ad- 
vances. It is therefore not surprising 
that scientists have become heavily in- 
volved in military problems. Whether 
this is good or bad in itself is not a 
debate for this paper. But a consequence 
of this preoccupation is that, uninten- 
tionally for the most part, the Military 
has begun to exercise a profound influ- 
ence upon the training of young scien- 
tists. And unless a total denial is made 
of the value of pure science, one must 
become concerned with this matter, lest 
unhealthy trends prevail. 

Over a period of many years in the 
United States, research in fundamental 
sciences has become intimately fused 
with graduate education. Few are the 
recognized scientists of today whose 


research work largely in the fields of kinetics of gas-phase 
reactions; thermochemistry of organic compounds, and enzyme 
catalyzed reactions. From 1940-44 he participated actively 
in work concerned with national defense and wartime pro- 
jects. He was awarded the Medol of Merit in 1946. 


success was not built upon the work of 
their graduate students. This is a re- 
versible process, however, because, far 
better than any formal lecture could, the 
intimate daily contacts with the research 
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professor initiate the student into the 
spirit of scientific research and scientific 
thinking. The authority of the graduate 
student over his individual problem 
teaches him a sense of personal respon- 
sibility, forces him to think independ- 
ently; the free exchange of information 
and the running debates with fellow 
students on the research problems of the 
laboratory encourage a friendly spirit of 
competition and teach the student the 
true meaning of research team work— 
the free association of men aiming at a 
common objective. In what better way 
could a professor prepare a student for 
a career of growing independence and 
responsibilities than by expecting him 


to explore on his own rather than take 
the instructions of his research professor 
blindly, and only to assist him in finding 
the correct path to follow? 

This system worked well, as the flow- 
ering of sciences in this country testifies. 
And so it is disturbing that major 
changes are being wrought in the system 
by the ever-growing flow to colleges of 
military research contracts. In the years 
immediately following the last war these 
contracts undeniably were almost indis- 
pensable to the recovery of college 
science. And even now most of them are 
so formulated and so administered that 
science is advanced without conflict with 
the best objectives of graduate education. 
But there are quite a few research pro- 
jects which operate to obtain design data 
for the current rearmament effort, re 
gardless of the true functions of the col- 
leges, in short, projects which convert 
the graduate schools into commercial 
development establishments. This should 
be a matter of general concern. A cus- 
tom is growing to make the graduate 
students the mainstay of such projects 
and to turn their work on the project 
into the focal point of their graduate 
training. There is too little independent 
research by students, too much demand 
for specified information by a specified 
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date, too much interposition of an elabo- 
rate supervisory orgatization 
the student and the professor, to regard 
this as good scientific training. This 
country is threatened with a generation 
of scientific workers who know how to 
carry out instructions and to follow in 
the footsteps of others, but who have 
not learned how to discover a rewarding 
research problem, how to plan the attack 
on it, and how to solve it. And whether 
the student is being trained for industrial 
leadership or, perchance, for the life of 
a college scientist, a good job is not 
being done this way. 

Were the participation of graduate 
students in these activities motivated by 
natural inclinations and intellectual ca 
pacity only, one could not make such an 
issue of the matter. But, in fact, the 
students are frequently enlisted by rates 
of pay far in excess of other forms of 
graduate student aids, by recruitment 
into the project at an early phase of 
graduate training, when the students 
have no powers of discrimination be- 
tween effective and faulty types of re- 
search training, and sometimes even by 
direct orders from departmental author 
ities. 

All of this would not be happening if 
government funds were not having 
strong influence on the college teaching 
staffs, in fact on the colleges themselves. 
The possession of a large research con- 


between 


tract, whether scientifically desirable or 
not, has become a rich plum for reasons 
of prestige and personal finances. The 
institution stands to gain the usually sub 
stantial These strong 
pressures, not always or easily resistible 
and the not to be wel- 
comed. The premium in the academic 
career is being placed not upon the ex- 
lectures and of graduate 
training through personal research 
guidance, but upon qualities better 
suited to other walks of life. No wonder 
that one hears nowadays frequent com- 
plaints from students that their profes- 
seem to have no time for them. 


overhead. are 


consequences 


cellence of 


sors 
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Could it be that the current decrease in 
the number of students is in 
fluenced by the hurried and indifferent 
teaching of sciences ? 
On the young Ph.D 
have also arisen. The total number of 
college jobs for the Ph.D.’s has grown 
rapidly because so many of them are 
now only half time or quarter time or 
not at all the statt 
But the chances of promotion to a tenure 


science 


level problems 


even on teaching 
position have decreased proportionately, 
the life-long for 
staff positions much 
expanded on the strength of annually 
And so, the 


never espe 


since commitments 


senior cannot be 
awarded research money 


college career, which was 


cially lucrative but was at least secure, 
must appear nowadays to a young Ph.D. 
as an almost hopeless gamble. ¢ 
blame be put the best graduate 
students for tending to choose the com 


an 


on 


parative security and affluence of indus 
trial But what will be the 
effects of this trend on the quality of 
future training in graduate schools ? 

If this writer's conclusions are right, 


positions ? 


that the education of well-trained young 
scientists is vital to the welfare and per 
haps the survival of the United States 
and that the influx of military 
contract money is utilized for conflicting 
purposes, then the American public has 
a clear call to action. 

This paper does not attempt to outline 
a coherent and clear program of rem 
edies for this prevalent condition 


great 


How 
ever, a few obvious steps can be singled 
out here and there. The one that is most 
urgent is disappointingly unheroic. If 
the military research contracts do harm 
occasionally to scientific education, it is 
not because the Military is callous to the 
long-range needs of this country, but 
rather the found in a 
shortage of technical personnel qualified 
to select and administer properly their 
research contracts. And so the first call 
to action could be a simple appeal to all 


reason 1s to be 
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those who are practicing research and 
who believe in time-honored principles 
of scientific training, to assist the var- 
ious military research establishments in 
the selection and administration of re- 
search. They need advisory work in 
screening the good from the bad pro- 
posals; even more there is need not for 
advisory but for full-time work in the 
administration of contracts, to insure the 
flow of needed information to the De- 
partment of Defense without damaging 
the chances of long-range survival. The 
application of a consistent policy is a 
must so that colleges should be doing 
only such research as is not in conflict 
with the principles of good education. 
The other military needs must be met 
by work of the well-established indus- 
trial laboratories of large corporations, 
by the industrial consulting firms, and by 
the many research companies that have 
sprung up since the last war. They are 
mostly operated by bright young men; 
they can deliver the desired information, 
so why not keep them real busy ? 

The much-buffeted National Science 
Foundation is at last in operation on a 
small Its grants-in-aid for re- 
search may not appeal to an earnest 


scale. 


empire-builder, but right now there ap- 
pears to be no better way to make inter- 
esting research possible and to assist new 
scientists into the world of research. Its 
graduate fellowships permit a good stud- 
ent to learn what science is without com- 
mitting himself for three years to the 
improvement of something like adhesive 
tape or a truly unimportant object. The 
taxpayers could help the National 
Science Foundation in maintaining its 
established high standards by giving 
freely of their time and their thinking 
to its problems. 

An appeal necessarily need not be 
made to that part of the public which is 
known as American industry, to assist 
in financing the task of scientific train- 
ing. It has done this in the past. But 
concern is felt over the comments of 
some in the industrial world specifically, 
that the influx of government money 
makes industrial gifts and fellowships 
seem puny and unnecessary. Far from 
it! Influx of government money has set 
up a state of unstable equilibrium in 
colleges and a little here or there will 
cause great changes in the final state. 
There are many unavoidable limitations 
to the scope of NSF fellowships. Where 


these cease to be effective, industrial 
fellowships should step in to ensure that, 
regardless of the income of the parents, 
the truly brilliant youngster will have a 
chance at a fine training. The lot of a 
college professor who would rather 
spend his or her time on education than 
on extracurricular activities, seems to be 
getting harder and harder as the time 
goes on. American Industry is the great 
customer for graduate students. It seems 
to value the training, judging by the 
salary offers. Why not counteract the 
current trend and make education the 
most rewarding activity of a college staff 
member ? 

A concluding thought—how about an 
effort to rid the populace of the belief 
that the scientific community is com- 
posed exclusively of useless long-hairs 
and makers of hell weapons? How about 
selling the concept of the scientists as 
members of a large team, made of prac- 
tical people, the humanists, the medics 
and so many others, all of whom are 
indispensable to the happy future of this 
land. 


Talk given at a Convocation on Science and 
Human Values at Mt. Holyoke College. 


Corrections 
Equation (59a), page 242, should be 
as follows: 
Cy = + + 
+ + 444113 
+ 4aj333 + 


2203 
Cy = dol + 3ay33 + 
23) + + 209 
+ + 393 — 12a) 095 | 
Cg = dal + + 
+ + 44,119 — 

In Equations [61(a), (b), and (c¢)], 
the signs before the terms 3292,/)43q / 
92, 3223) and 32,2.) 
respectively, should be plus instead of 
minus. 


Addenda 


A Symmetrical Form of Equations for 
Excess Free Energy and Activity Coeffi- 
cients of Ternary Systems 


In order to arrive at equations of the 
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Thermodynamic Evaluation of Binary and Ternary Liquid Systems 


Kurt Wohl University of Delaware, Newark, Delaware 


EDITOR'S NOTE 


This paper serves as a supplementary note 
to the above-titled paper, Trans. Am. Inst. 
Chem. Engrs., 42, 215-249 (1946). The 
main progress which this note represents 
over the published paper is that the new 
form of the equations permits a better- 
founded prediction of the behavior of 
ternary systems from that of the three 
binary pairs. The corrections and ad- 
denda follow: 


Margules type for ternary systems which 
are symmetrical and unambiguous with 
respect to the definition of the ternary 
constant, one may proceed as follows: 


(a). Three-suffix equation. 


Use Equation (51) and (52a). Trans 
Am. Inst, Chem. Engrs., 42, 215 (1946). 
but replace Equation (52b) by 

3 
C* = + + + A135 
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+ + Gog, ) — 


There follows, instead of 


(53): 


Equation 


AG /2.3 RT 


+ 


+ Kod, 


1 + 1, ) 
+ 


+ 9+ Ao_, 


and instead of Equation (54a) : 
+ 2x;(Ao 1 

A;_2)] + 

-A;_3)] 


log 


+ 


ds 1 
o— 


— 2) —(1 


2x,)C*] 


The values of log ye and log yg follow 
from log y, according to the rotation 
principle. /n simple cases a value C*=0 
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+ Ay_3 + A3_1+ 
+ A3_9) — C*] 
+ A, 1 t dy ot Az 1 
+ 
— 


can be expected,* so that the ternary 
system can be calculated from binary 
data. The equations for the symmetrical 
three-suffix case (A,_,; = Ay_», 

A;_3, Ay») and for the 
two-suffix case ((* = 0, in addition to 
the three above conditions ) 
mediately. 

The symmetrical equation for log 
(¥1/y¥2) can be derived directly from 
the excess free energy with the help of 
the formula 


lo AG 0 AG 
Ox,\23RT 23RT 


The result is: 


follow im- 


= 


log (y;/y2) 
+ Ay, — Ay_2) 
+ x3[ 
+ Ay 37 As ) 
+ (to — 


A, + A 


+ + Az 2) 
The values of log (yo/y3) and log 


(¥3/¥1) follow according to the rotation 
principle. 


(b). Four-suffix equation 


Use Equations (58), (59a) and 
(59%c) of the paper mentioned with the 
simplification of replacing z,, 


by +}, % and xy, respectively, and of 


co and 


+ J. Happel drew attention to the fact 
that the statement: “In especially sim 
ple cases C will be zero,” on p. 241 of 
the paper mentioned is not justified if ap 
plied to the old value of C given by Equa 
tion (52h) of that paper. A more appro 
priate statement without change of equa 
tions was made in the paper mentioned 


further below 


NOTED 


Men, Management 
and Mobilization 


What seems like so much useless red 
tape to those new in Government is 
really nothing more than a projection in 
a much larger organization of proced- 
ures with which all those working for 
large companies are familiar. In Gov 
ernment, the largest organization of all 
these procedures provide for the recon 
ciling of the many very different, and 
sometimes conflicting, public interests. 
Each unit with its different responsibility 
must have its opportunity to make known 
its viewpoint before a decision can be 
truly cast in the public interest. As an 
organization becomes larger in size, the 
necessity for assuring that all aspects ot 
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making 4), gy and gs equal to one. Re 
place the three equations (59b) by the 
following : 

Cy* = + + + 222 


+ + + + 


+ 


V4 + + + 40,490 


+ + 44.003 + 3dog3 + ) 


+ + + 4 444333 


+ + + 


+ ) 


+ + 124312 


There follows instead of Equation (60) 


4G/2.3RT + TOA, 
+ 1 4, 


o + 


and instead of Equation (61a) 


a+ 


log y, A, 


+ 24,(A3_, 
+ + Ay 

As_2) + 1, 
+ As, — Ay_3) + 
(A 1, 9) + 


3x, ) 


— (1 


+ Bol + 


Values of log Ye and log Ys follow ac 
cording to the rotation principle. 

The corresponding equation for log 
¥1/¥2 from the four 
sufix equation for the excess free en- 
ergy by the general procedure used be- 


can be derived 


fore. One obtains: 
+ —Ay_2 
+ Dyo( — + 43 


+ + Az_2) 
(2%. — + 2x, 


* 


Values of log yo/y, and log ys/y, follow 
according to the rotation principle. 

the 
four-suffix equations presented are pos 
sible 


other 


Iwo main simplifications of all 


They are independent of each 


1. Values Dy, Dy, and D», may all be zero, 
2. Values C\*, C.* and C.* may be equal 


The latter condition produces one C* 
term which takes the place of C* in the 
three given. In 


0 can be ena 


suffix equations just 
simple cases a value C* 

pected. If the simplifications 1, 
are both valid, the three-suffix equation 
result. 


tems t is entire ly feasible 


and 2 


Extension to quaternary sys 


Colburn, A 
Proaress 


t lordan, ID Crerster, ] A... 
P.. and Wohl, K., Chem. Eng 
46. O01 (1950) 


recognized and 
requires 


any given problem are 
given adequate consideration 
procedures which take on an appearance 
of being more complex. In reality, the 
procedures are basic procedures applied 
to more complex situations. 
However, the Government must face 
up to a [necessary] step, namely, the 
execution of a policy whereby industry 
people working for the Government are 
regularly and periodically rotated. This 
plan not only serves to overcome many 
of the 
have when coming to work for the Gov 
the 


but it also serves the Gov 


objections which businessmet 


ernment—as well as objections of 
their firms 
ernment in building up a large reserve 
of qualified and experienced people who 
would have the ability to serve the Gov 
ernment competently in case of full mo 
such a system 


hilization. Moreover, 
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would be of great advantave to those 


employers who furnish personnel to 


staff the defense agencies 
{ Another] step which can be taken by 


the Government . is that of the 
creation of a reserve corps compo ed of 
those who have served and will serve 
in the future in the defense program 


Such a reserve corps can be compared 


with the Army’s military reserve corps 


ind will he an invaluable hacklog in 
meeting any future emergency likely to 
irise From the Government mobiliza 


tion standpoimt, this reserve will consist 


of a roster of tormer Government ex 


ecutives who have returned to private in 
dustry with a full term, not less than six 
which they have 


months, of service in 


served in a responsible capacity 
Henry H. Fowler 


Former Director, Office of Defense Mobilization 
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EPOXY CEMENT: An infusible thermo- 
setting plastic material based on the 
condensation product of epichloro- 
hydrin and a dibasic phenol such as 
diphenylolpropane. The uncatalyzed 
cement mortar consists of a liquid 
epoxy resin premixed with an inert 
filler, such as carbon, silica or as- 
bestos. A liquid catalyst or harden- 
ing agent is supplied in a separate 
container. 


APPLICATION AND REMARKS: An 
epoxy cement mortar is prepared by 
intimately mixing the vuncatalyzed 
epoxy cement mortar with the liquid 
catalyst just prior to use. The liquid 
catalyst consists of a solution of an 
amine which causes the mortar to 
harden at ordinary temperatures. The 
mortar is used 
for joining 
acid-proof 
brick and tile 


for lining Tensile Strength, Ib./sq.in. @ 75° F. 
chemical ves- Elongation, 
Impact Notch, Izod, ft.lb. in 
sels, stacks, Strength, sq.in. @ 75° F. 
floors, or Compressive Strength, lb./sq.in. @ 75° F... 
pipes. It can Specific Gravity me an 
also be used 


ACIDS 


Acetic, 10% 

Acetic, glacial 

Benzene, sulfonic, 

Benzoic 

Boric . 

Butyric, 

Chloroacetic, 

Chromic, 5% 

Citric 

Fatty acids .. 

Fluosilicic® 

Formic, 90%.. 

Hydrobromic 

Hydrochloric 

Hydrocyanic 

Hydrofluoric® 

Hypochlorous 

Lactic 

Maleic, 25% 

Nitric, 5% 

Oleic 

Oxalic 

Perchloric 

Phosphoric 

Picric 

Stearic . os 

Sulfuric, 50% 

Sulfuric, 80% 

Oleum 

Mixed acids, 57% HeSOs 
268% HNOs 


10% 
"100% 
10% 


ALKALIES 


Ammonium hydroxide .. 
Calcium hydroxide* 
Potassium hydroxide* 
Sedium hydroxide* 


Mmmm 


ACID SALTS 


Alum or Aluminum sulfate . . 
Ammonium chloride, nitrate, 
sulfate 


‘Carbon filled 


RATINGS: 


E—No attack 
G— Appreciably no attack 

F— Some attack but usable in some instances 
P—-Attacked 


not recommended 
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CHEMICAL RESISTANT CEMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 
The Atlas Mineral Products Co., Mertztown, Pa. 


to cast self-supporting chemical re- 
sistant process equipment. When al- 
lowed to harden, epoxy cements 
have excellent resistance to many 
nonoxidizing agents including acids, 
alkalies, salts and many organic solv- 
ents. One of the outstanding prop- 
erties of epoxy cements is their abil- 
ity to cure in contact with Portland 
cement or metallic surfaces and thus 
bond tenaciously to a wide variety of 


WORKABILITY: Catalyzed epoxy ce- 


ment mortars can be readily trow- 
elled onto brick or tile or almost any 
other type of surface. Specific for- 
mulations can be cast or compres- 
sion-molded to form special shapes. 
A working life of 30 to 60 min. at 
77° F. is typical. A preliminary set 
is obtained within a few hours but 
several days are required for the ce- 
ment to attain maximum strength and 


construction materials. 


CHEMICAL COMPOSITION: The uncata- 
lyzed mortar usually consists of low 
molecular weight liquid epoxy resins 
blended with inert fillers, such as car- 
bon, silica or asbestos. Resins of this 
type can be prepared from bisphenol 
A and epichlorohydrin. 


CORROSION RESISTANCE 


c H 

Copper chloride, nitrate, 
sulfate . E 

Ferric chloride, nitrate, 
E 

Nickel chloride, nitrate, 
sulfate E E 
Stannic chloride E 
Zinc chloride, nitrate sulfate E E 

ALKALINE SALTS 

Barium sulfide E E 
Sodium bicarbonate ...... 
Sodium carbonate E E 
E E 
Trisodium phosphate Ee E 


NEUTRAL SALTS 

Calcium chloride, nitrate, 
sulfate 

Magnesium chloride, nitrate, 
sulfate 

Potassium chloride, nitrate, 
sulfate 

Sodium chloride, 
sulfate 


‘nitrate, 


mmmnm 


GASES 
Chlorine, dry 
Chlorine, wet = 
Sulfur dioxide, dry 
Sulfur dioxide, wet .... 


mmon 


ORGANIC MATERIALS 
cetone 

Alcohol, 
Aniline 
Benzene 
Carbon tetrachloride . . 
Chloroform 
Ethyl acetate 
Ethylene chloride .. 


methyl. ethyl 


ins 


N— Rapidly attacked 
C—Cald-——70° 
H— Hot—200° F 


Chemical Engineering Progress 


optimum chemical resistance. 


MACHINABILITY: Cast or molded shapes 
can be sawed, ground, turned, drilled 
and tapped with ordinary metal- 


working equipment. 


Molded or cast 


parts can be readily cemented to- 
gether with epoxy cements. 


A TYPICAL CARBON-FILLED EPOXY CEMENT 
MECHANICAL AND PHYSICAL PROPERTIES 


TEMPERATURE 

LIMITATIONS: 

Room tem- 

perature set- 

1,500 ting epoxy ce- 
<! ments are not 

an” recommended 
16.000 for use at 

14 temperatures 
above 212° F. 


Cc H 
Formaldehyde, 37% E E 
Phenol, 5% E 
Refinery crudes E E 
Trichloroethylene E F 


PAPER MILL APPLICATIONS 
Kraft liquor* 
Black liquor® 
Green liquor* 
White liquor* 
Sulfite liquor 
Chlorite bleach 
Alum 


PHOTOGRAPHIC 


MUM 


Developers E E 

General use E E 

Silver nitrate E 
FERTILIZER INDUSTRY 

neral use E E 

STEEL INDUSTRY 

Sulfuric acid pickling .. E 

Hydrochloric acid pickling E E 

H2SO;-HNOs acid pickling P 
TEXTILE INDUSTRY 

General use .. ...... E E 
FOOD INDUSTRY 

General use 

Breweries E E 

Dairies E E 
MISCELLANEOUS 

Plating E E 

Petroleum E E 

Tanning E E 

Oil and soap ; E E 

Water and sewer E E 


or boiling point of test solution 
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NATIONAL SURVEY QUESTIONNAIRE 


A Report to 


the Members 


By Lloyd B. Smith, Chairman, Questionnaire Sub-Committee 


xactly 7,802 members of the Amer- 
t ican Institute of Chemical Engi- 
neers, almost two thirds of the member- 
ship, heeded the admonition printed on 
the front of the Questionnaire mailed to 
them last fall and did not throw it away. 
This number accounted for the extra 
mail that arrived in the Executive Secre- 
tary’s office during December and Jan- 
uary in an amazing and gratifying 
demonstration of the desire of the ma- 
jority of the membership to cooperate in 
an effort to improve the Institute. Let- 
ters came from soldiers in India and 
Korea, from South America, Europe and 
other parts of the world, several from 
our friends and neighbors in Canada, 
and from every State in the U.S.A. ex- 
cept one. The questionnaire was well 
received, as the response will attest 
(more than 64%). Some compliments 
were stated and some thought a repeti- 
tion of such a procedure would be in 
order ; not too frequently, of course. One 
must be reasonable about this sort of 
thing. 

Almost half (44%) of the returned 
questionnaires contained added com- 
ments which varied in length from one 
or two handwritten sentences to three 
and four typewritten pages. Several wel- 
comed the opportunity to blow off steam. 
It was evident that few, if any, withheld 
any punches, and these frank comments 
were exactly the type desired. Most of 
the responses were helpful and construc- 
tive in their content. The majority of 
the comments dealt with “C.E.P.,” some 
with grades of membership, the voice of 
Junior members in nominating and vot- 
ing, with local sections, the economic 
status of engineers, and many sugges- 
tions having to do with various ideas on 
what the Institute should or should not 
do. The analysis and correlation of 
these 3,465 comments is a time-consum- 
ing job but is now underway. 

Just a word about what has been done. 
what is underway, and what is planned 
may be in order. The questionnaires 
were mailed to the membership on or 
about Dec. 1, 1952. Instructions were 
included to return them not later than 
Jan. 15, 1953. Two weeks were allowed 
for mails to arrive and the business of 
receiving the questionnaires was termi- 
nated on Feb. 1, 1953. Each question- 
naire as received was stamped with a 
number, consecutively, by the Secre- 
tary’s office and the name of a state, 
taken from the postmark, was written on 
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each questionnaire. The purpose of the 
number is to tie in written comments on 
a questionnaire with other data on the 
same questionnaire if desired. The pur- 
pose of the name of the state is to make 
possible a segregation of opinions to de- 
termine possible variations in different 
parts of the country. 
naires were received, numbered, and 
marked by states, Mr. Tyler expressed 
them to the writer in Baton Rouge. They 
were then sorted into states by volun 
teers from the Baton 
Each state was then 


As the question 


Rouge Section. 
1.B.M 


given an 


TABLE 1.—DISTRKIBUTION 


Number 
Mailed 


State 


Alabama 
Arizona 
Arkansas 
California 
Colorade 
Connecticut 


Delaware 
District of Columbia 


blorida 
(Georgia 
Idaho 
Illinois 


Indiana 
lowa 
Kansas 
Kentucky 
Louisiana 
Maine 


Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 


Montana 
Nebraska 
Nevada 
Hampshire 
Jersey 
Mexico 


New 
New 
New 


New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 


Pennsylvania 
Rhode Island 
South Carolina 
South Dakota . 
Tennessee 
Texas 


Utah .. 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


Wyoming 

Canada 

Other Foreign 

Miscellaneous * 
Total 


* Those with legible postmarks. 
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code number and on Feb. 6, 1953, the 
questionnaires were turned over to the 
International Business Machine Corp 
for processing. The numerical results 
were received from the 1.B.M. Corp. on 
March 6, 1953. A call for help was 
again answered by volunteers from the 
Baton Rouge Section and the question- 
naires were again sorted into those con- 
taining comments and those without 
comments. Those containing comments 
were divided into five piles of about 700 
each and distributed to various members 
of the questionnaire subcommittee for 
analysis and correlation according to a 
prearranged plan. In order to eliminate 
the possibility of one of the correlators 
recognizing an individual from his com 
ments, distribution was such that no 
questionnaire was reviewed by a corre- 
lator from the same state. These five 
groups and their directors working on 
(Continued on page 28) 


OF QUESTIONNAIRES BY STATES 


Returned 
Returned With Group 
Com Consider 
ments ing 
Number Comments 


Total 
Number 


2 


Re 


Out = 
105 70 66.7 “4 
6 3 50.0 2 
37 24 64.9 i4 
tee 795 539 67.5 
63 44 69.8 26 
‘ 192 102 53.1 45 
| 582 429 73.7 165 
63 46 76.2 17 
cceenue 55 36 65.5 22 
79 52 65.8 20 
29 23 79.3 14 
691 433 62.7 196 
241 163 67.6 aS 
35 24 68.6 15 
60 47 7&3 27 
151 82 54.3 an 
288 158 664 oy 
387 238 61.5 102 
256 67.2 103 
BU 56 70.0 24 
15 14 93.4 
‘ 337 210 62.3 76 
10 7 80.0 
15 11 73.3 
10 5 50.0 
1,028 547 453.2 
2% 16 6 ‘ 
1,501 937 62.4 450 
40 23 57.5 13 | 
‘ae 9 5 55.6 3 
733 489 66.7 235 
229 156 
15 ll 73.3 5 
. 1,076 695 64.6 310 
21 10 476 4 
eons 42 20 47.6 10 
261 176 67.4 o4 
872 567 65.0 237 
24 19 79.2 | 
as 2 1 50.0 
ses 156 100 4.1 Zn 
174 11) 65.8 26 
432 256 59.3 99 
69 54 78.3 21 
15 10 66.7 | 
152 88 57.9 51 
270 51 14.9 
200 
12,087 7,802 645 1.465 
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Extensive Course in 
Termed Successful at Biloxi 


A successful experimental departure 
from conventional programming in 
Institute meetings was witnessed by 
those who journeyed to Biloxi, Miss., 
during the early part of March. A three 
phase meeting was presented by the 
national program committee and, for the 
first time in the history of the Institute, 
the chemical engineering profession dis 
cussed intensively the techniques of an- 
other engineering discipline. Two of the 
three days featured a symposium on 
mineral engineering techniques, in which 
the fields of flotation, sizing, and sink- 
and-float methods were carefully and 
thoroughly explored in an attempt to 
adapt and improve these mineralogical 
tools which are now finding increased 
usefulness in the chemical engineer's bag 
of tricks. 

The second phase of the meeting re 
presented a session for the executive and 
administrator, and an afternoon was 
given over to the discussion of the 
problem of successful communication to 
a staff. Engineering and development 
represented the third phase and_ these 
were well taken care of by several sym- 
posia covering fluid mechanics, process 
ing, hydrometallurgical techniques, and 
general papers on kinetics and _ heat 
transfer. 

Biloxi lived up to its advance billing, 
and balmy weather greeted the engineers 


Left to right: J. V. Roach, Witco Chemical Co.; 
Mrs. J. V. Roach; Mrs. T. C. Landrum and T. C. 
Landrum, Esso Standord Oil Co., and chairman 
of the Hotel and Meeting Rooms Committee. 


A group of speakers who presented general 
technical papers. Left to right: LeRoy A. Bromley, 
University of California; J. C. Carver, C. G. 
Rudershausen and H. F. Rase, University of Wis- 
consin. 
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Mineral Engineering 
Meeting 


ior the first few days. The resort fea- 
ture gave a centrality to the meeting, 
even though the 500 who attended had 
to be housed to some extent in hotels 
other than the headquarters. The 
3uena Vista was the gathering point 
and its lobby and verandas were the 
location of the many extracurricular 
meetings and conferences for which In- 
stitute conventions are noted. The chief 
social function of the meeting was a 
seafood jamboree which served a sump- 
tuous meal of Gulf seafood specialties 
to practically all the chemical engineers 
—practically all—for one engineer de- 
manded, and got, a steak. A variety 
show and dancing rounded out the jam- 
boree night. 

Lloyd B. Smith of the Esso Standard 
Oil Co., Baton Rouge, La., gave a pre- 
liminary report on the results of the 
questionnaire which the Institute sent 
several months ago to all members. 
There is a first report on the results in 
this issue of “C.E.P.,” page 17. 


Technical Program 


A. B. Metzner of the University of 
Delaware won the Institute’s scroll for 
having the best-presented paper. This 
judging of paper delivery and platform 
technique is done at every Institute 
meeting to encourage engineers in effec- 
tive oral methods. The scroll will be 
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Bus departure for Bellingrath Gardens trip. 


M. O. Gernand and J. F. Ross, both of Esso 
labs., did a great job with the tape record- 
ing. 


A group of speakers on Streamlining Paper 
Shuffling Symposium. Left to right: N. O. 
Couvillon; Dr. Jack Shermon, Texas Co.; F. 
R. Fisher, chairman; C. C. Hurd, Interna- 
tional Business Machines Corp.; and C. B. 
Barr, Sinclair Research Laborotories, Inc. 
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given to Metzner at a meeting of his 
local section. The judging team, headed 
by Worthy T. Boyd of Esso Standard 
Oil Co., Baton Rouge, La., felt that of 
all the engineers, Metzner’s presentation 
of his paper, titled “Pipeline Design for 
Fluids,” best. 
The editor regrets that it is impossible 


non-Newtonian was the 
to brief every paper given at the meeting 
in this news story. However, since most 
of the appear 
shortly in “C.E.P.” or in the separate 


articles wall probably 


Speakers at the Mineral Tech- 
niques Symposium, seated, left to 
right: N. Morash, chairman; A. E. 
Anderson, Bethlehem Cornwall 
Corp.; |. M. LeBaron, Interno- 
tional Minerals and Chemical 
Corp.; E—. H. Crabtree, Eagle- 
Picher Co.; and N. Arbiter, Co- 
lumbia University. Standing: Fos- 
ter Crampton, International Min- 
erals and Chemical Corp.; P. L. 
de Bruyn, Massachusetts Institute 
of Technology; E. W. Gieseke; G. 
Gutzeit, General American Trans- 
portation Corp.; C. L. Mantell, 
Newark College of Engineering; 
and A. M. Gaudin, Massachusetts 
Institute of Technology. 


A group who presented general technical 
papers, left to right: L. E. Brownell, Univer- 
sity of Michigan; R. M. Cohen, lowa State 
College; David H. Northrup, Combridge 
Corp.; and A. N. Hixson, chairman of this 
session. 


publication series, the full texts will be 
available to those interested. 

A report on the 
industrial 


potential uses and 
radioactive 
Brownell 


applications of 
materials was made by L. E 
W. W. Meinke, E. W. 
J. V. Nehemias, of the University of 
Michigan Memorial Phoenix Project. 
Brownell 
work he had been doing with a cobalt 
obtained Chalk 


Primarily, the 


Coleman, and 


Protessor reported on the 


source from the 
River, Canada, reactor 
work at 
with 
for industrial 
terilization 


Michigan has been concerned 


the use of the radioactive source 

tood 
Professor 
3,000,000 
R.E.P. is required to destroy microor 
ganisms, and as small a dose as 12,000,- 
000 R.E.P. will destroy the trichinosis 
cycle in contaminated pork. Chemical 


reactions are also promoted by gamma 


such as 
\ccor ding to 


processes 


Brownell, a dose of nearly 


radiation, and specifically he mentioned 
the chlorination of benzene, which pro 
rapidly such radioactive 
sources to form benzene hexachleride 
Another important technological de 
velopment which came out of nuclear 
work, was reported by David H. North 


ceeds under 


Sizing Devices panel discussion included C 
C. Coscia, General American Transportation 
Corp.; E. J. Roberts, Dorr Co.; W. Dyren 
forth, International Minerals and Chemical; 
S. E. Erickson, M. A. Hanna Co.; P. V 
Mancini, Deister Concentrator Co.; S. R. B 
Cooke, panel leader, W. P. Stilz, Link-Belt 
Co.; and T. S. Leary, American Cyanamid Co 


Sizing Devices panel in action: C. C. Coscia, General American Transportation Corp.; P. V. 
Mancini, Deister Concentrator Co.; S. E. Erickson, M. A. Hanna Co.; E. J. Roberts, Dorr Co.; 
S. R. B. Cooke, panel leader; W. Dyrenforth, International Minerals and Chemical Corp.; and 


W. P. Stilz, Link-Belt Co., presenting their case. 
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The Concentrating Devices panel included 
R. N. Hill, International Minerals and Chem- 
ical; P. V. Mancini, Deister Concentrator Co.; 
R. J. Piros, Internationa! Minerals and Chem- 
ical; and E. J. Roberts, Dorr Co. A. Stanley, 
National Lead Co., was panel leader; D. W. 
Oakley presided. 


Symposium on Hydrometallurgical Processes. 
Left to right: F. M. Stephens, Jr., Battelle 
Memorial Institute; Frank McGarvey, who 
presented Robert Kunin’s paper; John W. 
Clegg who presided; and Norman A. Spec- 
tor, Program and Technical Papers chairman 
for the Biloxi ting, who pr ted Louis 
N. Allen, Jr.'s paper. 


Left to right: standing: R. L. Pigford, Univer- 
sity of Delaware, who presided over Fluid 
Mechanics Symposium; Rollin G. Toecker, 
Kansas State College; and A. B. Metzner, 
Colgate-Palmolive-Peet Co., who won the 
award for the best-presented paper. Seated: 
E. W. Comings, Purdue University; H. C. 
Ward, Georgia Institute of Technology; and 
R. H. Crowther, Kansas State College. 


Lloyd Smith reported to Council on results 
of the questionnaire. 


Alfred Smith, Ill, Cabot Carbon Co., mem- 
ber of Registration Committee; and R. V. 
Bailey, Tulane University, chairman of the 
Public Relations Committee. 


Left to right: Leo Friend and George Skap- 
erdas of Kellogg; Professor R. L. Pigford, 
University of Delaware; and J. H. Rushton, 
Illinois Institute of Technology. 


Herschel Cudd, acting director of Georgia 
Tech’s State Engineering Experiment Station, 
and Mrs. Cudd. 


Norman Morash, chairman, Mineral Engi- 
neering Techniq Symp in Biloxi, and 
assistant chairman of the Technical Program 
for the 1954 Annual Meeting in New York. 
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rup, vice-president of the Cambridge 
Corp., when he discussed the A.E.C. or 
C.W.S. air filter. This new filter has 
been developed during the past eight to 
ten years and, according to Northrup, 
opens up an entirely new field of air 
cleaning for industrial application. The 
filter is now being used to supply vir- 
tually sterile air in rooms where anti- 
biotics are packaged, and for many other 
production processes. 

The filters are tested for the removal 
of 99.95% of particles of 0.3 size. A 
completely new test was devised to test 
the filter, according to Northrup, by 
using smoke particles and recording any 
particle that passes through the filter, by 
means of lenses and electronic indicators. 
The filters have a static resistance of 
1 in. of water at rated airflow, which 
for a filter of 250 sq.ft. of filtering area 
is about 1000 cu.ft./min. 

The filter paper used is a feltlike as- 
bestos-bearing cellulose paper with the 
asbestos fibers microscopic in size and 
evenly distributed throughout the paper. 
Corrugated paper separators are inserted 
on both sides of the filter, the air passing 
down the flutes of the separator on one 
side, through the filtering medium, and 
out through the flutes of the separator 
on the other side. 

The use of punched cards for analyz- 
ing experimental data can save time and 
money and can provide more accurate 
results with less work according to Dr. 
J. Sherman, who presented a talk on 
statistical analysis of punched cards. 
Sherman analyzed his statement by ex- 
amples of work at the Beacon Research 
Laboratories of the Texas Co. He cited 
the case of single cylinder laboratory 
engines used for rating the antiknock 
performance of automotive gasoline. A 
large number of tests on a wide variety 
of gasolines, he said, was necessary to 
determine the correlations between the 
engines and the results from full-scale 
tests in cars on the road. Further tests 
are made periodically to check the re- 
producibility of the laboratory engines 
themselves and the precision of tests 
run on different engines. All these data 
are analyzed quickly by means of 
punched cards, and deviations from the 
expected precision can be detected and 
the causes corrected, he stated. In an- 
other example he said that fitting a 
linear curve to data points plotted on 
coordinate paper, depends upon the 
judgment of the engineer drawing the 
line as to which points fit the curve 
best. However, this personal judgment 
is not completely consistent, from time 
to time, or between different engireers, 
and by means of punched-card calculat- 
ing machines it is possible to solve 
mathematical equations and determine 
standard curves which fit the data. 


(Continued on page 22) 
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See Louisville for 


CREATIVE DRYING ENGINEERING 


4 KNOW | 
THE RESULTS 


before you buy! © * 


PROBLEM: manufacturer wanted to improve drying operation. 


Installed Cost Costs high, production low. 


Annual Production (tons) 


Drying Cost Per Ton......... SOLUTION: manufacturer called in Louisville engineers. 


Space Occupied , These engineers started the Louisville method for pre- 
determining results... and for fitting the dryer to the 
job. 


Louisville engineers completely surveyed plant operations 


Installed Cost and previous drying methods. 


Annual Production (tons) Recommended dryer design was checked in Louisville 
Drying Cost Per Ton laboratory in actual drying test. 


Space Occupied A double check with larger pilot plant equipment actually 

installed in customer's plant. 
Ask for new treatise on subject ; 
of rotary dryers. All factors determined and solved, full scale drying equip- 

General American ment was fabricated. 

Turbo-Mixers, Evaporators, Dewaterers, 
owers, Tanks, Bins, Filters, 
Pressure Vessels 


Final installation will be checked for mechanical perfee- 
tion and drying efficiency to insure anticipated results and 
purcha ser satisfac tion, 


PROCESS EQUIPMENT SUGGESTION: Why not call in a Louisville engineer to look over your 
~ DIVISION drying operation? There's no obligation... and the re- 


GENERAL sults may pay big dividends. 
\{ W LOUISVILLE DRYING MACHINERY UNIT 


Over 50 years of creative drying engineering 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Dryer Sales Office: | 39 South Fourth Street, Louisville 2, Kentucky » General Offices: 135 South LaSalle Street, Chicago 
90, In Conede: Canadian Locomotive Company, Ltd, Kingston, Ontorio 


OFFICES IN ALL PRINCIPAL CITIES 
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Left to right: L. C. Bearer, Phillips Petroleum Co.; 
Mrs. and Mr. Carleton Long, St. Joseph Lead 
Co. of Pennsylvania 


BILOXI MEETING 


(Continued from page 20) 


Phe performance of a pulse extraction 
column for countercurrent liquid-liquid 
extraction was reported on by R. M 
Cohen and G. Hl. Beyer of the Institut 
tor Atomic Research, at Stat 
College. The pulse column essentially is 


lowa 


typical of perforated plate extractive col 
umms except that cyclic pulsations are 
mnparted to the liquid in the column by 
means of a cam-driven bellows pulsator, 
and a diaphragm pump from which the 
The column 


checks have been removed. 
used in the investigation was of 
diam., with perforated plates supported 
at 2-in. intervals. Each plate contains 
hiity-three tiny perforations, and extrac 
tion runs were made on a water-bori 
acid-isoamyl-alcohol system. 

The authors found that 
lating the number of theoretical stages 
by the MeCabe-Thiele method the over 
all heights of a unit 
low as 5.7 in. with water in the contin 


when caleu 


transter were as 
uous phase, and capacities as high as 
660 gal./(sq.it.j Chr.) were 
They also found out that at high pulse 
frequencies, over-all H.T.U.’s are a fune 


achieved 


tion only of the flow ratio, whereas at 
low frequencies, over-all TLTLU.s vary 
with the individual They 
learned too that throughput in a pulse 


flow rates. 


column is generally 
frequencies, 


improved at high 
although the use of high 


trequencies and amplitudes may cause 


Jesse W. Mason, of Georgia Institute 
of Technology. 


G. H. Beyer, lowa State College; and Ward 
E. Pratt, Worthington Pump & Machine Corp 


emulsification, lor the 


gated, they said, the pulse column was 


sVstem 


found to be most efficient at high 
throughput rates of the dispersed phase 
operating at moderate to high pulse tre 
quencies of 35 to 72 cycles/min. 

kk. H. Crabtree, chairman of the Min- 
Division of the 


Mining 


erals  Beneticiation 
American Institute of and 
Metallurgical the 
symposium on mineral engineering tech- 


engineers, opened 
nique with a discussion on the history 
of flotation, its application, performance 
and how it works. To give the engineers 
an flotation 
plant might be he showed a picture of a 
plant that now handles 50,000 tons of 


idea of how extensive a 


copper ore a day. 

The chemical theory of flotation and 
the functions of the types of 
flotation reagents were covered by Dr. 
I’. L. de Bruyn. Rapid strides have been 
made during the past ten years in un 


various 


derstanding the mechanism of flotation, 
he said, and one of the most effective 
aids has been the application of radio 
active tracer techniques. 

\ critical discussion of 
ling 


rate-control 
variables and rate equations for 
flotation systems was presented by Dr. 
Nathaniel Arbiter. treatment 
for the general case where the 
the froth, 
rather than in the pulp, is rate-determin 
ing Difficulties encoun 
tered in trying to prove experimentally 
the theoretically 


was 
given 
concentration of mineral in 


for recovery. 


derived equations on 


Mr. and Mrs. C. L. Schmidt. He is develop- 
ment ot National lead Co., South 
Amboy, N. J. 
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C. W. Nofsinger, Kansas City; ond C. G 
Kirkbride, Houdry Process Corp 


kinetics were indicated, 
Nonmetallic mineral flotation was de 
scribed in a paper by Dr. 1. M. LeBaron 
Dr. Le- 
phosphate 


on phosphate concentration. 


Baron described a_ typical 
mining operation, complete with flow 
sheet, and illustrated how flotation fitted 
into the over-all The 
types of flotation as practiced in the 
Florida phosphate fields were described. 
These such 
flotation and 
cationic flotation as practiced in standard 
flotation 

equipment 


picture various 


methods included varied 


techniques as amionic 
and on 
shaker 


underwater 


machines 
such as 


pieces ol 
tables, belt 
CONVEVOTs, screens and 
Humphrey spirals. 
Metallic mineral 
scribed by A. FE. 
that dealt with the copper 
flotation, tail 
ings. Improved metallurgy over the past 


flotation was de 


in a paper 
recovery of 
ore, by from iron-mine 
thirty years was indicated in improved 
operations from a 1920 report showing 
a 0436 copper feed producing a 2.96% 
copper concentrate with a 56.0% copper 
1952 report showing a 
0.40% copper feed producing a highly 
satisfactory 24.96; concentrate 
with a 92.06 copper recovery. 

Dr. C. L. Manteli in his paper on ad 
sorption in the mineral industries noted 


recovery to a 


copper 


the advances that had heen made in flo 
tation theory with the acceptance of the 
tact that the flotation 
one of adsorption. \dsorption 

(Continued on page 44) 


mechanism was 


phen 


Mrs. Lloyd Smith, wife of Dr. L. Smith, co- 
chairman, Biloxi meeting. 
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The Series R Durcopumps are engineered 
and built for heavy duty pumping with less 
maintenance. They're available as standard 
items in 12 alloys from our own foundry. 


In many plants they’re considered 
“standard equipment.” How much better 
will they handle the corrosive you use? 


How much better will Durcopumps do your pumping job? 


Why not let us send you Durcopump 
Bulletin P/1? It will give you complete 
construction details and performance 
information to help you decide. 


A DURCO representative near you will 
be happy to help you select the right pump 
in the right alloy. 


ory OF BULLETIN 
rite OF hed 
Series R pureopum® P | \ 
Sections! index 
The puriron Comper’: Inc- 
| 


Pre-coating Cost You? 


Do you have to use costly fibrous material to 
get a pre-coat surface that will hold diatoma- 
ceous earth or other filter aids you may be 
using? The high cost of asbestos fibers used day 
after day, to build up a base for pre-coating, far 
exceeds the cost of filter cloths. 


SPARKLER 


HORIZONTAL PLATE 


FILTERS 


have a lower pre-coat cost 
than any other type of filter. 
You may be surprised to find 
how much time and filter aid 
you Can save in pre-coating 
horizontal filter plates. 

Only a very thin pre-coat is 
required, and you can get 
brilliant clarity in filtration 
right from the start. No prim- 
ing material is necessary to 
hold any kind of filter aid on 
Sparkler horizontal plates. 


This pre-coat economy to- 
gether with the time saving, 
quick change plate assembly 
feature make Sparkler Filters 
surprisingly low in operating 
cost. 


Write Mr. Eric Anderson 
for engineering service 


on your filtering 
problems. 


Ma _ 


SPARKLER MANUFACTURING CO. 
Mundelein, Illinois 


Sparkler International, Ltd. Kamitter & Co. 
Herengracht 568, Amsterdam, Holland 35 Chittaranjan Ave., Calcutta 12, India 
Sparkler Western Hemisphere Corp. 
Mundelein, U.S.A. 


Manufacturers of Fine Filtration Equipment for More Than @ Quarter of a Century 
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NEW FLOWMETER 
MEASURES LB./HR. 


A new electronic flowmeter that gives 
the rate of liquid flow in pounds, rather 
than gallons, per hour. thereby eliminat 
ing the density variable, was announced 
last month by the Gaveo Corp.. a sub 
sidiary of General Aviation Corp. Al 
though developed for use in jet aircraft 
the gravimetric flow-measuring system 
has other industrial applications, par 
ticularly in chemical processes and in 
bulk storage, classification, and loading 

The principal features claimed for the 
flowmeter are accuracy (to within 1 
tor density and 0.56 for rate of flow) 


Exploded view of sensing element used in new 


mass flowmeter developed by Gavco Corp. Parts 
in horizontal line form internal rotor that turns 
with fluid flow. They are designed to produce 
what is, in essence, a Venturi effect, reducing 
pressure drop through the unit to a negligible 
figure. The two couplings shown below are 
utilized to connect sampling lines to the density 
detector 


continuity (density of continuous flow 1- 
measured), and simplicity. The parts ot 
the unit weigh less than 8 Ib. in all and 
occupy 1/5 cu.ft. 

The individual units include the vol 
ume-sensing element, which measures 
the flow in gallons; the density detector, 
which simultaneously weighs samples of 
the liquid; an integrator, which com 
pensates the flow rate for the true 
weight of the fluid; and an indicator. 
which gives a reading in number ot 
pounds per hour flowing through the 
lines. The unit is equipped to handle up 
to 60,000 Ib./hr. in lines up to 1'%4 in. nn 
diameter. 


U. S. RUBBER PLANS 
N. J. RESEARCH CENTER 


A new research center devoted to rub- 
ber, chemicals, synthetics, textiles, and 
plastics is being planned by the U. S. 
Rubber Co. for Emerson, N. J. Con 
struction is expected to begin this year 
The center will have modern research 
facilities and will employ about 125 per 
sons. The Emerson center will be about 
12 miles from the general laboratories 
at Passaic, which will continue operat 
ing. 


(More News on page 26) 
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Electrolytic Aids TO 
PAPER MANUFACTURE 


Courtesy 
West Virginia Pulp and Paper Company 


Graphite Anodes, Electrodes and Specialties 
Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Chicago, Ill., Pittsburgh, Pa 


Sales Agents: J. B. Hayes, Birmingham, Ala, George O'Hara, Long Beach, Cal, Great Northern Carbon & Chemical Co. Ltd., Montreal, Canada. 


t ac 
= 
Uniformly high quality GLC Graphite Anodes ar ‘important 
and caustic soda production of many leading electro- 
in elec ytic cell operations is unsurpassed. 
Great Lakes Carbon Corporation _ 


“More 

Capacity from 

Existing 


Heat Transfer Equipment 


“One of our problems was to add more capacity to sul- 
phuric acid concentrator equipment. Even if we had 
space for them, it would take months to build more 
concentrators. By installing tantalum bayonet heaters 
and using higher steam pressures, we got the desired 
additional output. In some cases, concentrator capac- 
ity was increased 300 per cent.” 

TANTALUM BAYONET HEATER 


used in Simonson-Mantius concen- 
trator for H2SO4 recovery. More 
than 250 bayonet heaters have 
been made for this use. The first, 
installed in 1945, is still in service. 


USE TANTALUM WITH ECONOMY for most 
acid solutions, corrosive gases or vapors; not with HF, alka- 
lis, or substances containing free SO3. 


NEWS 


(Continued from page 24) 


STANOLIND INCREASES 
SULFUR RECOVERY 


A unit designed to process daily 
900,000 std. cu.ft. of hydrogen-sulfide 
bearing gas for recovery of approxi- 
mately 40,000 Ib. of sulfur was opened 
last month north of Odessa, Tex., by the 
Stanolind Oil and Gas Co. Operated in 
conjunction with the company’s North 
Cowden gasoline plant, the unit is the 
third such now operated by Stanolind. 
The Slaughter unit at Sundown, Tex., 
and the Elk Basin unit in Wyoming 
were completed earlier. 

North Cowden feed gas to the sulfur- 
recovery unit contains 58 hydrogen 
sulfide and 399% carbon dioxide. In the 
process the gas first passes through a 
scrubber and then flows into a waste 
heat boiler, where it is burned with con- 
trolled air, producing sulfur dioxide and 
water, Combustion products from the 
boiler then flow to the first converter, 
where a major portion of the sulfur is 
produced. Maximum production of sul 
fur is obtained by means of a second 
converter. The unit is designed to re- 
cover 90% of the sulfur present in the 
feed gas. The heat released by the 
process ts utilized to generate steam 
used within the process and elsewhere in 
the North Cowden plant. 

The sulfur, produced in liquid form, 
flows into the sulfur pit, from whence it 
will be pumped for shipment or storage 
\t present it is being shipped as a solid, 
but future plans call tor liquid form. 

the sulfur unit and the gasoline 
plant are owned jointly by twenty-five 
separate companies and individuals and 
are operated by Stanolind. 


MERCK MERGES WITH 
SHARP & DOHME 

The principal terms of a merger of 
Merck & Co., Inc., Rahway, N. J., and 
Sharp & Dohme, Inc., Philadelphia 
have been approved by the boards of 
directors of both companies, it was an 
nounced last month. The merger will 
join’ Merck’s chemical research and 
manufacturing with Sharp & Dohme’s 
pharmaceutical marketing. 

The name of the combined company 
will be Merck & Co., Inc. The distinct 
functions of each of the firms will be 
maintained, and the business of Sharp 
& Dohme will be continued under the 
Sharp & Dohme name, operating as 
much as possible as a decentralized unit 
under its present management. 

The officers of the new company will 
include George W. Merck as chairman 
of the board and as vice-chairman, John 
S. Zinsser, now chairman of Sharp & 
Dohme’s board, 


(More News on page 30) 


April, 1953 


Ewing Galloway 
| 
at 
- 
22403C 
3 . . 
Fansteel Metallurgical Corporation worrn cuicaco, 
Page 26 Chemical Engineering Progress 


TURBO-MIXER 


GENERAL 


TURBO-MIXER, oc division of 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


TURBO INS TALLATI ON at Duval Potash Refinery 


Left: Turbo Slurry Mixers suspending 
ground potash ore 


Below: urbo-lTloaters separating 
ground potash slurry in the roughing 
and cleaning circuits 


The modern Duval Sulphur & Potash Company plant the service of other refineries in the Carlsbad field. 
recently opened at Carlsbad, New Mexico uses Turbo- Here is another example where an industrial leader 
Mixers exclusively in the refining operations. The called upon Turbo-Mixer to supply creative mixing 
Turbo-Mixers handle the major slurry 


devices for continuous duty—24 
suspension operations before and 


hours a day—every day. Call on 
after flotation. The Turbo Floaters for Turbo for specialized help in sup- 


the froth flotation of the potash ore . : B plying controlled agitation for op- 
are similar to the Turbo Floaters in timum results. 


SALES OFFICE: 10 EAST 49th STREET, NEW YORK 17, NEW YORK 


General Offices: 135 South La Salle Street, Chicago 90, Illinois . Offices in all principal cities 


OTHER GENERAL AMERICAN EQUIPMENT DRYERS+* EVAPORATORS + DEWATERERS 
TOWERS + TANKS «+ BINS + FILTERS + PRESSURE VESSELS 
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VOLUNTEERS AND COMMITTEE MEMBERS FROM BATON ROUGE SECTION 


Standing, left to right: E. J. Westbrook, Jerry Golden, C. V. Foster, M. O. Gernand, Ed Johnson, 


Worthy Boyd. Seated (C ittee b 
Not Present 


s): J. A. Polack, L. B. Smith (chairman), G. E. 
Ken Rees, E. P. Breidenbach, A. O. Wikman, P. C. Davis. 


TABLE 2 SUMMARY OF RESULTS 
Question 
No Description 
1. Papers which are presented at National meetings of A.1Ch-E may be classified into 


four broad groupings: (1 Theoretical treatment of the fundamentals of chemical 
engineering, such as unit operations, processes, ete (2) Practical treatment of chem 
ical engineering unit operations, processes, equipment, corrosion, etc $) Commercial 
aspects, such as market analysis, sales engineering, product development, economics, 
and related subjeets, and 1) Management problems, personnel problems, training 
and placement of technical people and the like. Please indicate your major preference 
of subject matter for the A.LCh F meetings by checking one only 
Fundamentals 
b. Practical aspects 

Commercial aspects 
4d. Management problem 
Do you feel that the requirements for Active membership are properly designed and 
maintained so that the attainment of this grade of membership is recognized as a real 
professional achievement in chemical engineering 


b. No 

‘ Undecided 

d. Don't know requirements 
Are you satisfied with the present procedure for nominating Officers and Directors 

b. No 

Undecided 

d. Don't know procedure 

Are you satisfied with the present procedure for electing Officers and Directors 

a. Yes 

b. No , 

Undecided 

d. Don't know procedure 

Papers presented at meetings ore not published in| “CLEP.” 
Would you favor publishing one or two-page abstracts of those papers not published 
in full? Or instead of publishing abstracts would you prefer that reprints of all 
papers presented at meetings be made available for a nominal fee 

Abstracts in O.E.P 
b. Reprints for a fee 

‘ Both 

d Neither 

No opinion ‘ 
Broadly considered, how well do you like “C_\E.P."” 
a. Very well ° 

b. Well enough 

e. Not very well! 
d. Not at all 

e Undecided 
Which one of the following would you most like to see added to “C_E.P." 

More articles or features on 

a. Political developments 

b. Medical developments 

‘ Financial and corporate news 

d. Other sciences 

e Market analysis 

f. Sales engineering 

Product development 

h Personnel 

j. General economic aspects of chemical manufacturing and related industries 

k No opinion 

How much more would you be willing to pay as annual dues for additions of more 
technical material to 

a. $0/vear more 

b. S1/year more 

c $2 more 

d. $3/year more 

e 85 /year more 

How much more would vou be willing to pay as annual dues for additions to 
of more items as listed in Question 7! 

a. $0/year more 


necessarily 


(Continued on page 46) 


Montes. 


Total 


Received 


1599 
852 
B40 
650 


5200 
559 
45: 

1439 


2223 
2442 
2615 

150 


267 
1360 


4228 
1868 


NATIONAL SURVEY 


(Continued from page 17) 
this problem are as follows: 


Group A-—Baton Rouge Section—G. E. Montes 
Group B—Boston Section—R. K. Flitcraft. 
Group C—Charleston Section—G. F. Jenkins. 
Group D—Cleveland Section—D. J. Porter. 
Group E—Oklahoma Section—M. F. Wirges. 


The each 
group may be ascertained by reference 
to the letter in Table 1. This table sum 


number of 


states bemg considered by 


marizes the 
mailed out and the number returned by 


questionnaires 


states. 

Table 2 gives the results from the In- 
ternational Business Machine Corpora 
tion showing the numerical answers to 
the questions in the questionnaires. Cor- 
have not vet made but 
progress and will be re 
Some initial com- 


relations been 
these are in 
ported at a later date 
ments might be drawn from the figures 
presented in Table 2. For example, the 
following might be listed: 

Question 1. The practical aspects of 
engineering appeal to the greatest num 
ber. Fundamental concepts are next in 
line. Eventually a tie-in with question 
26 will be in order. 

Question 2. If we look at the answer 
to this question compared with the 
answers to question 15 and 16 we find 
that the majority of our engineers are 
satisfied that they made the correct 
choice of a career, that they are recog- 
nized as professional men by their em 
ployers, and that most of them feel that 
the Active membership classification is 
a badge of professional achievement. 

Question 3 and 4. A significant num- 
ber of engineers are apparently satisfied 
with the present procedure for nominat- 
ing and electing Officers and Directors 
of the Institute. This seems to be par 
ticularly significant when considered 
with guestion 21 which gives the total 
number of Active members answering 
the questionnaires as 2.956 whereas the 
favorable totals in question 3 and 4 are 
considerably above this number. In fact, 
only about 500 indicated dissatisfaction. 
There is a possibility here of varying 
opinion in different parts of the country 
and an effort will be made to break down 
these totals 
graphical areas. 


into either states or geo 


Question 5. The numbers replying to 


the various parts of question 5 need 
further correlation to clarify the results 
on this subject. 

If one adds the number 
of replies to (a) and (b) of question 6, 
the general impression is favorable. The 


numbers answering item (c) of question 


Question 6. 


6 are large enough to warrant further 
study and correlation of these answers. 


(Continued on page 56) 


¢ 
‘ 1995 
1191 
945 
581 
18053 
502 
563 
1818 
4 
137 
118 
173 
7 124 
279 
215 
1513 
449 
169 
2391 
664 
4127 
12382 
460 
9 
4 


WELLSVILLE, NEW YORK, Sinclair Refining Company's 
new propane deresining unit at the Wellsville refinery, performs the 
dual role of removing undesirable asphaltic material from high quality 
Pennsylvania Grade lubricating oil and recovering heavy resins used 
in the manufacture of wax-coated paper and other everyday items. 
Fluor engineered and erected this plant on schedule and possesses the 
experience and ability to build processing units, large or small, anywhere 
in the world — not only for the refining industry but for natural 


gas, chemical, petrochemical, power and heavy industries as well. 


THE FLUOR CORPORATION. LTO 
LOS ANGELES 22. CALIFORNIA 


ow ers rived 
> 
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FOR BIG, CORROSION-RESISTANT TANKS 


nivtc IS A LOGICAL ANSWER... 


Get what you want with a Haveg-engineered tank. Haveg is not a lining 


or coating. It is a solid, non-metallic material 


(resistant to corrosion 


through and through) that is molded by the Haveg Corporation into tanks 
as large as 10 feet in diameter by 12 feet in depth. These are single piece, 
without seams or joints. By joining such sections, even larger tanks can 
be built. Low cost, with exceptionally long life. 


From top to bottom, a Haveg tank has special design features to improve 


handling acids, bases, salts in your plant. Flat, sloping, cone, 
bottoms are molded to fit your drainage needs. 


ished 


Because Haveg can be 


machined and repaired on the spot, any change in piping is easily made 
by your own plant crew. 


Work with a company thar understands how to fight corrosion. 
Haveg has thousands of molds for any type of chemical handling 
equipment. Get the complete Haveg story by contacting your Haveg 
sales engineer and writing for a 64-page technical bulletin (F-6). It 
shows tank sizes, installation and machining tips, complete chemical 


resistance tables. Write now 


... for Haveg is a logical answer, both 


material and engineering-wise, for corrosion-resistant tanks, towers, 
pipes, valves, fittings. 


The Haveg factory is at Marshaliton, Delaware (phone 


Wilmington 3-8884). Capaci 
deliveries improved. Why 


proven, long-life Haveg? 


~! has been increased, with 
take less, when you can get 


CORPORATION 


NEWARK 99, DELAWARE 


amAs = B 


SALES ENGINEERS: 
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Atlanta 
Houston 


Chicago 
Los Angeles 


Cincinnati 


Cleveland + 
* Marshaliton, Del. «+ 
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CHEMICAL INDUSTRY 
ON THE INCREASE 


The number of chemical companies 
with securities listed on the New York 
Stock Exchange has increased 70% over 
the past quarter century, reflecting the 
dynamic competition existing in the in- 
dustry, the 
Association 


Chemists’ 

“In 1929, 
according to an Association spokesman, 
“there were forty-nine chemical manu 
facturing companies, with seventy-four 
security issues listed on the New York 
Stock Exchange. By 1939 the number 
listed companies had in 
creased to sixty-three with eighty-nine 
issues of securities. 

“By 1952 eighty-three 
chemical manufacturing companies with 
128 separate issues of securities. The 
growth in chemicals assumes even more 
significance when it is realized that the 
total number of all companies listed on 
the New York Stock Exchange actually 
declined from 1419 to 1288 in the 1929 
1953 period,” it was pointed out. 


Manufacturing 


said recently. 


of chemical 


there were 


ROHM & HAAS ADDS TO 
ACRYLIC MONOMERS 


Rohm & Haas Co. has recently put 
into operation a new plant for the pro 
duction of acrylic monomers, raw ma 
terials used in the manufacture of the 
company’s plastic materials and other 
products. The new unit, which repre 
sents an $8,000,000 addition to the com 
pany’s petrochemical operations at Deer 
Park, near Houston, Texas, employs, 
according to a recent report, an entirely 
new using acetylene, 
monoxide, and various alcohvis. 


process carbon 

Two years ago the company completed 
a plant at Deer Park for the manutac 
ture of hydrogea cyanide. 


NATIONAL DAIRY FORMS 
NEW SUBSIDIARY 


A new subsidiary, Shettield Chemical 
Company, Inc., has recently been an- 
nounced by National Dairy Products 
Corp. This formalizes into a separate 
corporation the work carried on prev- 
iously under the name of the Chemical 
Division of Sheffield Farms Company, 
Inc., National Dairy’s Sealtest milk sub- 
sidiary. 

With headquarters in Norwich, N. Y., 
Sheffield will manufacture products for 
by the chemical, pharmaceutical. 
food, and other industries. At present 
the company distributes edible milk pro- 
teins, lactic acid, milk sugar, 
amino acids, bacterial nutrients used in 
producing antibiotics, ete. 


use 


lactates, 
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PHILA.-WILMINGTON SECT. | 
PLANS ONE-DAY MEETING 


\ one-day meeting, sponsored by the only strong arm methods 


Philadelphia-Wilmington Section of the 
American Institute of Chemical Engi 
veers and the University of Pennsyl th 

vania will be held on May 12. 1953. on surv ve ese ests 
the Penn campus in Philadelphia. Roy 

\. Kinckimer ts general chairman for 


the meeting Readco Double Arm Mixers are 


The general subject of the meeting producing hundreds of tons of heavy, 
will be “Chemical Engineering the 
Process Industries.” Speakers from 
eight different companies will discuss each year at the Aloy Rods Company, 
chemical engineering in all its phases 
with emphasis on their application to 


abrasive, welding rod coatings 


the world's leading manufacturer 


current operating processes, such as the 

production of hydrogen or phenol. It is 

expected to be of special interest to engi , Tha rdy mixers break down 
neers who have been working inthe / 


chemical industry for five to ten years __the entire mass with each rotation. 


ind to chemical engineering students. \ They préduce o homogeneous mix ine 


In the evening, at a regular dinner i 
short cyclegnd eliminate peak loads. 


meeting of the section, Chalmer G. 
Kirkbride, president, Houdry Process 
Corp., and vice-president of A.LCh.E., , Read Standard builds mixers and 
ill g » afte er ‘ss. This 
will give the after-dinner addre . Phi moteriets handling equipment 
meeting will also be the occasion for the 3 ~ 
presentation of the Zeisberg Award . for the chemital procetsing industries. 
given annually: for excellence report 
writing to senior chemical engineering 
students in colleges in the general area 
of the Philadelphia-W ilmington Section. 
The Zeisberg Award ts offered in me 
mory of the late Fred C. Zeisberg. 
Details of the technical program fol 
low Photograph courtesy 
Alloy Conpony, 
York, Pennsylvania 


Morning Session 


PROCESS RESEARCH by G. Alex Mills, director, 
chemical research, Houdry Process Corp. 


PROCESS DEVELOPMENT by James J. Hur, 
group leader, research, development depart 


ment, Atlantic Refining Co 


PROCESS ENGINEERING by A. S. West, process 
design group leader, Rohm & Haas 


ECONOMIC ANALYSIS by Edwin M. Ott, man- 
ager, sales research department, Pennsylvania 


Salt Manufacturing Co 


Afternoon Session 
PROJECT ENGINEERING by W. F. Cooke, 


assistant division engineer, design division, engi- 
neering department, Du Pont Co., Inc. 


CONSTRUCTION ENGINEERING by G. L. Eaton, 
manager, process engineering division, United 
Engineers and Constructors, Inc. 


OPERATIONAL ENGINEERING by W. C. Huoff- 
man, general foreman, aromatics production, 
Sun Oil Co. 


MARKET RESEARCH ENGINEERING by 
Chaddock, manager, sales research division, 
Hercules Powder Co. 


(More News on page 53) Bakery-Chemical Division: York, Pennsylvania — Los Angeles 39, California 
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MARGINAL 


Day-to-Day Data 


Technical Data on Plastics. Manufactur- 
ing Chemists’ Association, Inc. Wash- 
ington, D. C. (1952). 181 pp. $2.50. 


Reviewed by Raymond B. Seymour, 
lice-l’resident, The Atlas 
Mineral Products Co., Mertztown, Pa. 


This is a handy reference work in- 
cluding up-to-date values in tabular 
form for processing physical, electrical 
and mechanical properties of twenty 
different commercial plastics. A short 
discussion on composition, molding, pro- 
perties and utility precedes each table. 
Trade names of the basic materials and 
addresses of manufacturers are included 
in each section. 

The plastics discussed are primarily 
those produced by the twenty-nine mem- 
bers of the association, viz., urea-for- 
maldehyde, melamine - formaldehyde, 
phenol formaldehyde, alkyds, silicones, 
epoxy resins, polyesters, acrylics, poly- 
ethylene, polytetrafluoroethylene, poly- 
vinyl formal and butyral, vinyl chloride 
polymers and copolymers, vinylidene 
chloride, styrene, cellulose acetate, cellu- 
lose acetobutyrate, cellulose propionate, 
ethyl cellulose, cellulose nitrate and 
nylon. 

Valuable = graphical presentations 
showing the effect of temperature and 
humidity on specific mechanical proper- 
ties are included in many chapters. The 
book also contains a chapter on foam 
plastics and films, a bibliography, and an 
index, 

As might be expected, much of the 
data contained in this book can be found 
elsewhere. Hlowever, the data the 
tables are authentic, accurate, up to date 
and well arranged in one handy volume. 
The book is inexpensive, well written 
and is recommended to those requiring 
technical data on plastics for engineer 
ing design. 


Theory and Applications of 
Silicates 


Soluble Silicates, Their Properties and 
Uses. James G. Vail. Reinhold Pub- 
lishing Corp., New York (1952) Vol. 
1-357 pp., $9.00. Vol. II-669 pp., 
$15.00. 


Those who use soluble silicates in 
large quantities, namely, the chemists, 
and technologists in the detergent, tex- 
tile, and gel industries, will find both 
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NOTES 


News of Books of Interest to Chemical Engineers 


volumes of this work informative and 
applicable. 

“Soluble Silicates” is one of a series ot 
monographs sponsored by the American 
Chemical Society. The current work is 
a completely new writing and supplants 
a previous monograph by the same au 
thor, which has long been out of print. 

Vol. | covers the chemistry and 
physical properties of the soluble sil 
cates and such subjects as the history 
manufacturing processes, commercial 
forms, methods of analysis, phase equi 
libria of anhydrous and hydrous systems. 
\ valuable index and much illustrative 
material accompany the text. 

Vol. IL is concerned with the technical 
applications. Detailed sections deal with 
clay dispersion, clay washing, and the 
reclamation of lubricating oils. In this 
volume there is a review of silicate ad- 
hesives, and related problems, such as 
cements, soil stabilization and drilling 
muds, 

Included is a discussion, in the chapter 
on sols and gels, on the preparation and 
use of sols in water clarification and of 
gels that are a base for catalysts. This 
volume is also replete with photographs 
and graphs. 

Approximately 2,000 references add to 
the thoroughness of the work—three 
years were spent on its preparation— 
and facilitate an understanding and 
grasp of the importance of silicates. A 
feature not to be overlooked is the sim 
plicity of the language, rendering back 
ground knowledge quite unnecessary. 

Dr. Vail was retired vice-president of 
the Philadelphia Quartz Co., at the time 
of his death in December, 1951, and 
was considered the world’s leading au 
thority on this subject. 


What's Your |. Q. on S. Q.? 


A Guide to Sales Quota Setting. John E. 
Ullmann, Chemonomics, Inc., New 
York 17, N. Y. (1952) 63 pp., $3.00. 


Reviewed by Francis J. Curtis, Vice- 
President, Monsanto Chemical Co., St 
Louis, Mo. 


This work gives an excellent general 
review of tne subjects which should be 
of interest to chemical engineers inter- 
ested in or engaged in the sales field and 
who expect eventually to get into sales 
management. It covers in a broad way 
the various methods in operation for 
setting sales quotas, a subject in which 
there is no particular degree of agree- 
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ment among sales managers. The book 
presents the different methods objec- 
tively with some discussion of advan- 
tages and disadvantages. 

There are some subjects which might 
well have been added, particularly a 
discussion on the moot question as to 
whether sales quotas should be set for 
a group of salesmen or for individuals, 
and in what industries. The review did 
question whether a strictly mathetnatical 
or cost approach to cutting off small or 
ders is desirable. In the chemical indus 
try particularly, many small orders are 
really trials for new developments that 
may well grow and become big. Ob 
viously, the man in on the ground floor 
is going to have a much better position 
when the big orders come along. Like 
wise, a mathematical approach might 
lead to the refusal of small orders from 
large companies by order clerks with a 
considerable resultant loss of good-will 
and eventually big business 

The rather sticky question of how to 
handle house accounts, which are those 
obtained by top sales management but 
which must be serviced by field sales- 
men, and the somewhat similar problem 
where purchases are made in a central 
location such as New York or Chicago 
but delivery is made locally and serviced 
by field salesmen receive no attention. 
While these points may be small, they 
are difficult enough to have prevented 
many chemical companies from setting 
individual sales quotas. 

All in all, however, the book may be 
commended as having the value of brev 
ity and teaching what lines of attack 
could be profitably studied in greater 
detail. 


Books Received 


Photoconductivity in the Elements. T. S. 
Moss. Academic Press, Inc., New 
York (1952). x + 263 pp., $7.00. 


Encyclopedia of Chemical Reactions. 
Vol V. Ed. C. A. Jacobson. Reinhold 
Publishing Corp., New York (1953). 
787 pp., $15.00. 


The Engine Indicator for Performance 
Evaluation. John D. Hines. Cooper- 
Bessemer Corp., Mount Vernon, Ohio 
(1952). 53 pp. $1.50. 


Metadyne Statics. Joseph Maximus 
Pestarini. Technology Press of Massa- 
chusetts Institute of Technology and 
John Wiley & Sons, Inc., New York 
(1952). 415 pp. $9.00. 
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CONSTANTLY IMPROVING LINE 


Specify ‘National’ Carbon and Graphite and “Karbate” Impervious Graphite 
Equipment for Processing, Conveying and Storing Corrosive Fluids. 


HEAT EXCHANGERS 


Wide variety of standard and custom- 
built models in time-proved designs. 
Shell and tube, concentric and im- 
mersion types available in stock sizes. 
Catalog Sections S-6620, S-6670, 


S-6740, S-6750, 


PUMPS 


The centrifugal pump for handling 
corrosive fluids. Rugged, trouble-free 
design. Handling capacities to 800 
G.P.M. Catalog Section S-7200. 


PIPE, FITTINGS and VALVES 


For industry's toughest fluid convey- 
ing requirements. Easy to install and 
maintain with simple hand tools. 
Catalog Section S-7000. 


BRICK 


Accepted material for lining tanks, 
towers, digesters and other vessels 
containing corrosive chemicals, Cata- 
log Section S-6210. 


CASCADE COOLERS 
New “Karbate” impervious graphite 
coolers feature standardized, sec- 
tional construction high heat- 
transfer rate... low initial cost. 


STEAM JETS 
For heating and agitating corrosive 
solutions by direct injection of steam. 
Calalog Section £-7300. 


TOWERS 


For absorption, fractionation and 
scrubbing. Easily erected from stand- 
ard monolithic sections and com- 
ponents. Catalog Section S-7350. 


bd The term: and “Rerbate” 
HCL COMBUSTION CHAMBERS ave of 
hydrogen chloride synthesis. Burns 
moist gases. Simple in operation. ‘ 
Catalog Section S-7530. 
50 Bax 42nd Sereet, New York 17, N.Y. 
District Sales Offices: 

HCL ABSORBERS Atianta, Chicage, Datles, Kecsas Cicy, 
Standard and custom-built models to New York, Sen 
meet any hydrochloric acid produc- to Notional Corban 
tion requirement. Catalog Section 
S-7430. 
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Low Cost Protection 
for 


HEAT EXCHANGER TUBE ENDS 


In the past 31 years Conseco has provided millions of 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all applications. Tube inlets be- 
come eroded and worn long before the remainder of the 
tube, and by reinforcing the inlets it is possible to 
increase the effective tube life many times. 


Flowrites—made of the same metal as the tubes— 
are available in any length, diameter or gauge. They 
are easy to install and remove by unskilled help. When 
Flowrites themselves become worn (instead of the tubes!), 
just pull them out and install new, longer Flowrites. 


Get the facts from the 8-page Flowrite “proof” 
booklet, available upon request. 


CONDENSER SERVICE & ENGINEERING CO. 


80 RIVER ST., HOBOKEN, N. J. 


HELIX 


BONDING AGENT R-313 


@ A thermosetting adhesive that cures 

at room temperature and needs no 

pressure. High electrical insulating 

properties. 

@ Gives a bonding strength of 3000 

psi between metal parts. 

@ Non-porous — gives high pressure 

seals between metal and glass, plas- 

tics, etc. 

@ Unaffected by acids, alkalies, fuel 

and lubricating oils. 

@ Reduces manufacturing costs by 

eliminating bolts, screws, rivets. 
Write for Literature to Dept. 42 


A better product for better production 


CARLH. BIGGS. 


COMPANY 
255 Barry Avenu 


. Los Angeles 64, Calif. 


CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. 

Objections to the election of any of these candidates 
from Active Members will receive careful consideration 


if received before 
Secretary, A.I.Ch.E., 


Applicants for Active 
Membership 


Barley, Ralph C., Roselle, N. J. 

Bennett, C. P., So. 
W. Va. 

Bradbury, E. J., Columbus, Ohio 

Bryan, John L., 
la. 

Cabala-Pavesi, Luciano, 
cion, Chile, S.A. 

Cavendish, S. G., So. Charleston, 
W. Vo. 

Claitor, L. C., Jeannette, Pa. 
Clancy, Stephen M., Portsmouth, 
Va. 
Costigan, 
¥. 
Frahme, Herman H., Akron, Ohio 
New York, 


Concep- 


Jomes T., New York, 


Freeland, Emile C., 

Galt, John L., Pittsfield, Mass. 

Gerke, R. P., 
W. Vo. 

Green, Duane L., Wilmington, Del. 

Greer, John Edwin, Lawrence, Kan. 

Hainsworth, William R., Los An- 
geles, Calif. 

Harte, Charles R., Jr., 

Holsinger, Fred J., Argo, Ill. 

Hooker, Thomas, 

Johnsen, Knut J., Parker, Pa. 

Robert W., Houston, Tex. 
William E., 


Keefer, 
Keppler, 
Pa. 
Kistler, S. S., Salt Loke City, Utah 
William K., 


Bloomsburg, 


Lautner, 


Tenn. 


Leininger, Theodore L., Charleston, 


W. Va. 
Lenoir, John M., Fayetteville, Ark. 
Levin, Herman, San Antonio, Tex. 
Logan, Robert L., Geneva, Ill. 
Lowman, Malden C., 
ville, Calif. 
Miles, F. W., Ook Ridge, Tenn. 
Mitchell, Thomas R., Jr., Florence, 
Ala. 
Moxley, Charles J., Baltimore, Md. 
Nason, B. Ross, Boston, Mass. 
Evon S., Charleston, 


Jr., Emery- 


Northeimer, 
W. Vo. 
Parker, Harry H., Chicago, Il. 

Peet, N. P., Baytown, Tex. 


May 15, 1953, 


120 East 41st, New York 17. 


Charleston, 


Baton Rouge, 


So. Charleston, 


Flossmoor, 


Niagara Falls, 


Nashville, 


at the Office of the 


Phillips, Weller A., Baton Rouge, 
la. 

Pollok, Oscar L., 
¥. 

Rand, William E., Stanford, Colif. 

Revilock, Joseph F., 
Ohio 

Rothe, Karl H., Webster Groves, 
Mo. 

Ryan, Joseph R., Kenmore, N. Y 

Sacra, Charles F., New Castle, De/ 

Shane, Presson S., Augusta, Ga. 

Smith, Howard B,. Jr., Drexel Hill, 
Pa. 

Tanner, H. M., Baton Rouge, La. 

Tooker, John S., Glen Ooks, Floral 
Park, N. Y. 

Truesdell, Dan A., Houston, Tex. 

Wadsack, W. A., Cuyahoga Folls, 
Ohio 


Kew Gardens, 


Bay Village, 


Applicants for Associate 
Membership 


Beychok, Milton R., 
Colif. 

Crump, Joseph R., Houston, Tex. 

D’Amour, N. A., Arvide, P.Q., 
Canada 

Main, Earl L., Nixon, N. J. 

Margolis, Asher J., Chicago, Ill. 

Street, Edward P., Jr., Phoenix- 
ville, Pa. 


long Beach, 


Applicants for Junior 
Membership 


Adams, John W., Aberdeen, Md 
Borry, Arthur L., Jr., 
Conn. 


Naugatuck, 


Bauman, Howard F., Kingsport, 
Tenn. 

Black, Robert O., Racine, Wis 

Blaha, Richard J., Mentor, Ohio 

Bollman, Robert 
Ohio 

Bradfute, 
Tenn. 

Brasie, William C., Midland, Mich 


leo F., 


N., Cincinnati, 


John O., Oak Ridge, 


Bressler, 
Mo. 
Brister, Charles W., Pittsburgh, Pa 
Brown, 
la. 


University City, 


Palmer A., Baton Rouge, 


(Continued on page 42) 
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A great new advancement in heat exchangers... 


THE holofi fe PROCESSOR 


(HOLLOW. F 


A simpler, more compact way to cool 
slurries, solids or pastes—in continuous flow! 


Do you have processes where slurries, solids, pulps or 
pastes must be cooled or cooked? Do you know you can now handle 
such processes—in continuous flow—in as little as 1/5th the space 
required by other types of heat exchangers—and with many other 


important advantages? 


The newly-developed HOLO-FLITE Processor is the answer! 


what ws: 


Basically the Hoto-FL.ite consists of two or more 
flights of hollow-bladed screw conveyors. The product tu 
be processed moves in a trough around the conveyor 
screws. The heat-transfer fluid circulates through the 
hollow blades and shafts of the conveyor. The product 
is constantly rotated into, around, under and over the 
blades and shafts through which the heat-transfer fluid 
is circulating, assuring quick, uniform heat pas- 
sage between the two mediums—as the product 
is continuously moved along in a bulk-flow with- 
out interruptions! 


Get the complete story on HoLo-F.ite sav- 

ings and how this new advancement can 

simplify your processing operations. It is 

backed by the same organization that pio- 

neered Cottre.t Precipitators and Mu tti- 

cLone Collectors—your assurance of com- DETAILED INFORMATION! 

plete dependability. New 8 page bulletin describ- 
ing HOLO-FLITE feotures and 
epplications wili gladly be 
sent on request. Write, wire 

Reg. T.M. or phone for your free copy! 


why IT’S BETTER! 


The Hovo-F ite principle provides 
many important advantages in moderna 


processing operations... 


\da sy 


4, Www 

\ 

ys 

ITS LARGE HEAT-TRANSFER SURFACE re- 
quires far less space—as little as !/5Sth the 
space required by other heat-exchange 
equipment. Further, flights an be ‘stacked 
as high as desired to save floor space, 
simplify installation! 


ITS SLOW ROTATION IS SO GENTLE thot 
granular ond powdered solids are handled 
with no dusting—little of mo particle abra- 


sion. Result—no dust recovery problems 


simple, inexpensive installation 


IT iS ADAPTABLE to a wide range of appli- 
cations—handles solids, pulps, pastes and 
slurries with equal eose. Heat transfer agent 
can be refrigerant, water or other fluids to 
provide a wide range of temperatures 
Cooled products can be packed directly from 
HOLO-FLITE discharge, saving time, spoce 
and additional handling. 


IT CAN BE DESIGNED to hondle virtually 
ony capacity by varying the diameter and 
length of the flights, and the number of 


~ 


EXCINERRS, DESICNERS @ MANUFACTURERS OF EQUIPMENT FOR 
COLLECTION Of SUSPENDED MATERIALS FROM CASES @ LIQUIDS 


Moin Offices: 1062 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
CHRYSLER BLDOG., NEW YORK 17 + 1 N. Lo SALLE ST. BLOG., CHICAGO 2 
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PRECIPITATION CO. OF CANADA, LTD., DOMINION SQ. BLDG., MONTREAL 
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UTOMATIC CONTROL 


Precision Contre! of your Process 
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EQUIPMENT 


1 e AUTOMATIC SCALE. For use with 
resins, clay, powders, and other flood- 
ing materials, an automatic fillin 
scale from Thayer Scale and Engi- 
neering Corp. Checkweighs and re- 
leases up to six bags a minute within 
weight tolerances of +2 oz. or less 
of any weight to 25 to 200 Ib. Fea- 
tures air-operated bag-holder, dust- 
tight construction. 


2 @ PRESSURE REGULATOR. New to 
Industrial Division of Minneapolis- 
Honeywell Regulator Co., a combi- 
nation pressure regulator and filter. 
Single unit for line pressures to 150 
Ib./sq.in. can be reduced and held 
at any —— pressure 0 to 35 Ib./ 
sq-in. with little drift. Easily serviced. 


3 e SILENCERS. For internal com- 
bustion engines, exhaust, and intake 
silencers and spark arresters from 
Kittell Muffler & Engineering Co. 
Catalog available. 


4 @ PORTABLE VACUUM UNITS. F. J. 
Stokes Machine Co. portable vacuum 
pump units. Two models, one 2000 
cu.ft./min., the other 4000 cu-ft./ 
min. both | to 10 yw abs. pressure. 
Manifold connection standard 10-in. 

ipe flange. Mounted on steel base 
or transport. 


5 @ TEMPERATURE CONTROL. Small 
size temperature control for labo- 
ratory use with low temperature 
ovens and controis, T between 
—300° F. and +300° F. Produced 


7 @ FLEXIBLE TUBING. For air han- 
dling, fume and dust removal. Flex- 
flyte green label tubing. Available in 
50-ft. or shorter lengths, diameters 
1 to 24% in. in Ye in. increments. 
Resistant to oils, gases, acids, flame. 
Flexible Tubing Corp. 


8 @ MINIATURE TRANSMITTER. Minia- 
ture pneumatic transmitter for tem- 
perature, pressure, and vacuum read- 
ings. Transmission by air pressures 
of 3 to 15 Ib./sq.in. Sensitive to 
0.03%, of range. Weatherproof. Bris- 
tol Co. 


9 e@ MOLECULAR STILL. Cyclic-type 
molecular still for use at high vac- 
uum. Flasks easily removed are 
fluorescent-lighted for easy check. 
Standard elements. American Instru- 
ment Co. 


10 @ CONVEYOR BELTS. Available 
from Cambridge Wire Cloth Co. re- 
vised catalog of wire-mesh conveyor 
belts. Data covering 140 pages on 
uses, design, drive mechanisms, other 
pertinent data. A reference manual 
on this subject. 


11 e MANWAY. Elimination of time- 
consuming opening, closing, sealing 
operations claimed for quick open- 
ing manway from Lenape Hydraulic 
Pressing and Forging Co. Sizes 16 


te 


SERVICE 


2 


to 30 in. Service ratings 150 to 
500 Ib. 

12 @ HYDROGEN ION CONTROL. 
From Brown Instruments Division, 
Minneapolis-Honeywell Regulator 
Co. data sheet on Brown-Cambridge 
system for automatic recording and 
control of pH. Discusses variations 
in systems, electric or pneumatic, ad- 
justment, components, etc. 


14 @ CONSTANT SUPPORT HANGERS. 
Grinnell Co., Inc., introduces con- 
stant support hangers for all posi- 
tions of travel for high temperature 
process and steam pipe. Design per- 
mits 10%, increase or decrease in 
load by adjustable bolt. Travels of 
4, 8, 12 in. take care of loads 48 
to 9,304 Ib. 


15 @ HYDRAULIC LIFT. Mobile hy- 
draulic personnel lift combined with 
heavy-duty jack, development of 
Hamlin-Klock Corp, Lifts load of 
6000 Ib. to 38 ft. above ground on 
8-ft. rotating platform. For raising 
trusses, tank tops, heavy pipe, crews. 


16 @ THERMOMETER. Marsh Instru- 
ment Co. line of vapor tension dial 
thermometers described in 30-page 
catalog. Specifications, line draw- 
ing, dimensional charts. 


Cards valid for only six months after date of issue 


by Burling Instrument Co. Dial 
graduated | to 10, operates on prin- 
ciple of differential expansion of 
solids. Standard tubes % and ¥ in. 
O.D. 
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6 @ VARIABLE SPEED CHANGER. 
Metron Instrument Co. small vari- 
able-speed changer for near or re- 
mote use with cams, cranks, etc. 
Lever arc 63° permits rapid change 


over 25 to | range. Position 
Company 
Address 
City...... 
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17 @ CENTRIFUGAL PUMP, New series 
of single-stage, double-suction cen- 
trifugal pumps from Goulds Pumps, 
Inc. Standard features are renewable 
stuffing box bushings, sealed bearing 
housings, etc. Length 50% shorter 
in some models. Casings horizon- 
tally split permit removal upper half 
for inspection, and removal of ro- 
tating element. 


18 @ PIPE LINE FILTERS. Four small 
pipe line filters for installations re- 
quiring only 40 Ib./sq.in. maximum 
pressure for compressed air or gas. 
From Dollinger Corp. Two sizes, 
$Y in. diam., with lengths 6¥2 in. 
and 10 in. Absorption pad media 
removes oil and water vapor from 
lines. 


19 @ SPECTROSCOPIC ELECTRODES. 
Eleven preformed shapes of spectro- 
scopic electrodes. Diagrams of each 
design in folder. National Carbon 
Co. 


20 @ VALVE MATERIALS. Added to 
Crane Co. line are several valve 
body, diaphragm, and lining mate- 
rials. Valve bodies and disc-holders 
in variety of metals, and rubber lin- 
ings. Special valves for vacuum, oxy- 
gen, acetylene service. Separate dia- 
phragm and disc construction. 


21 @ MOTORS. Robbins & Myers, 
Inc. line of chemical plant motors 


from 1 to 40 hp. NEMA frames to 
405. Available in totally enclosed 
and Underwriter’s approved explo- 
sion-proof construction. Cast bronze, 
aluminum, and iron ventilating fans. 
Corrosion resistant. 


22 @ MULTIPLE-ACTION SCRUBBER. A 
Johnson-March Corp. system for con- 
trol of stack dust from rotary dryers, 
cyclones, kilns, mixers; asphalt plant, 
chemical plant and other stacks. Re- 
_— 2 gal./min. water at 40 to 

Ib./sq.in. for each 1000 cu.ft. 
gas/min. 


CHEMICALS 


24 @ SULFUR HEXAFLUORIDE. Tech- 
nical service bulletin on sulfur hexa- 
fluoride from General Chemical Di- 
vision, Allied Chemical & Dye Corp. 
Contains selected data on physical 
properties of SF,. Available to re- 
search and production men. 


25 @ FORMIC ACID. Heyden Chemi- 
cal Corp. technical bulletin on for- 
mic acid. Summarizes recent research 
on uses in textile, chemical, pharma- 
ceutical industries. Considered zre 
dyeing of nylon fabrics, formula- 
tions in vitamin production, sections 
on resins, solvents, fumigants, rub- 
ber, and perfumes. 
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26 @ DIMETHYL ISOPHTHALATE. Now 
commercially available from Her- 
cules Powder Co. dimethyl isophtha- 
late. Material is isophthalic acid in 
its low-melting form, easily processed 
methyl ester. For preparing plasti- 
cizers, alkyds, polymers. 


27 @ PHARMACEUTICAL CHEMICALS. 
Dow Chemical Co. revised edition of 
catalog of pharmaceutical and fine 
chemicals. nena additional data, 

roduct information including chem- 
ical name, formula, properties, solu- 
bilities. A handbook for research 
and production personnel. 


28 @ SODIUM DISPERSIONS. From 
Ethyl Corp., leaflet on sodium dis- 
persions. Can be pulverized and 
used in air. Describes new organic 
reaction, illustrates advantages of 
use. 


29 @ 12-HYDROXYSTEARIC ACID. 
Booklet from Emery Industries, Inc. 
covers 12-hydroxystearic acid and hy- 
drogenated castor oil. Emphasizes 
potentialities for applications with 
unique chemical structures. 


BULLETINS 


30 e CUT-OFF SAW. Tri-Clover Ma- 
chine Co. power cut-off 
saw for cutting tubing or pipe of any 
thickness. Portable, 6 in., 70 Ib., 
110-volt ac. 


31 @ HOT OIL HEATING. Industrial 
process heating by hot oil circula- 
tion, high temperature, low-pressure 
system - Parks-Cramer Co. A 64- 
page illustrated booklet covers de- 
tails of operation and construction. 


32 @ FLOTATION TECHNIQUES. From 
the Tall Oil Assoc., bulletin No. 11 
on use of tall oil in flotation proc- 
esses. Covers principle, phosphate 
rock, manganese and iron ore flo- 
tation. 
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33 @ X-RAY INSPECTION. Inspection 
and examination of castings, weld- 
ings, foods, confections, crystal analy- 
sis, etc., by X-ray. General Electric 
bulletin describes procedure. Illus- 
trated. 


34 @ THREAD COMPOUND. A Hi- 
Temp anti-seize thread compound 
of microflake copper warsicles in 
nonvolatile and viscous carrier. Per- 
mits parting of threaded assemblies 
of dissimilar alloys after exposure 
to high temperatures. Felt Products 
Mfg. Co. 


35 @ FLEXIBLE COUPLINGS. Complete 
line of flexible couplings by Lovejoy 
Flexible Coupling Co. described in 
bulletin. Illustrations, diagrams, ta- 
bles of specifications and dimensions. 


36 @ MIX-MULLERS. Bulletin describes 
two high capacity mix-mullers. Simp- 
son Mix-Muller Division, National 
Engineering Co. For mixing dry, 
semi-dry, and pasty materials. Used 
in chemical, ceramic, and food in- 
dustries. Uses spring loaded muller 
for adjustment to various pressures 
and materials. 


37 @ DRYING SYSTEM. From Arnold 
Dryer Co. folder on Heil Ardriers 
used in production of dehydrated 
forage crops, by-products, industrial 
wastes, chemical residues. Features 
rapid evaporation, minimum reten- 
tion in drying drum, accurate con- 
trols. 


38 e COMPRESSORS. Spiraxial gas or 
air compressor addition to line of 
Roots-Connersville Blower Division 
of Dresser Industries, Inc. Features 
two intermeshing screw-rotors ar- 
ranged to rotate in opposite direc- 
tions. Flow of air or gas under com- 
pression is axial; permits large inlet 
opening; prevents strangulation of 
inlet air, and increases volumetric 
efficiency. 


39 e BUTYL SEALS. Stainless fittings 
with butyl rubber seals announced 


OR FREE DATA 


> 


DATA SERVICE 


by Cooper Alloy Foundry Co. Per- 
mit use of Quikpul installations un- 
der variety of corrosive conditions 
and services. Specially effective in 
sulfuric, hydrochloric, acetic acids 
and resistant to nitric and chromic 
acids, 


40 @ PNEUMATIC TRANSLATOR. For 
remote indicating, recording, control 
of pressure, flow, liquid level, pneu- 
matic translator by Askania Regula- 
tor Co. Measures pressures to 3000 
Ib./sq.in., transmits air signals in 
range of 3 to 15 Ib./sq.in. Accuracy 
within 0.5% of maximum at all 


ranges. 


41 @ PRESSURE FILTERS. Retractable 
shell-type pressure filters from Dravo 
Corp. For chemical, metallurgical, 
and allied industries. Welded steel 
construction, shell 14 ft. long, 60 in. 
diam. Head stationary and is breech- 
locked to shell by remote control. 


42 @ TWIN SHELL BLENDER. For drug 
and pharmaceutical industries where 
thorough blending is required. Dust 
control system prevents escape of 
dust to surrounding work areas dur- 
ing filling and emptying. Patterson- 
Kelley Co., Inc. 


43 CONCRETE HARDENER. Flex- 
rock Co. folder on Flintcrust liquid, 
a flush-on preparation to prevent 
sanding, dusting, and break-up of 
heavily trafficked concrete floors. 


44 @ EXPANSION JOINTS. Rede- 
signed Flexonics Corp. line of ex- 
pansion joints. Catalog gives specifi- 
cations and supporting data. In- 
creased traverse per corrugation. 
Corrugated and convoluted types 
flexible metal hose. 


45 @ FREQUENCY COMPUTER. Devel- 
oped to provide a simple and accur- 
ate frequency measuring unit for 
flow-metering system. Element gen- 
erates electrical pulses with fre- 
quency proportional to flow rate. 
Ranges 5 to 100 cycles/sec., accuracy 
+0.5% full scale. North American 
Instruments, Inc. 


46 @ STEAM GENERATOR. Bamag sys- 
tem high-pressure steam generators 
from General Industrial Develop- 
ment Corp. Closed circulation of 
steam and condensate. Operates at 
700° F. Used with evaporating and 
distilling equipment in oils, varnish, 
fatty acid, tar plants. Flow diagrams. 


47 RESIN-BONDED FIBERGLAS. 
Chemically resistant products in- 


Cards valid for only six months after date of issue 
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cluding Pla-Tank resin-bonded Fi- 
berglas, tanks, pipe, linings, vent 
hoods, etc., available from The 
Chemical Corp. Descriptions, tables 
of dimensions, etc. 


48 @ TRUCK AND BOX-CAR LOADER. 
For speed loading with minimum 
hand labor. Power-Curve Conveyor 
Co. Delivers 30 bags/min., weighing 
up to 200 Ib. 


49 @ LEFAX CATALOG. Lefax catalog 
listing more than 2000 ket-size 
technical data books. Covers all 
branches of engineering. 


50 @ LABORATORY SAFETY. Fisher 
Scientific Co. leaflet “Safety in To- 
day's Laboratory,” illustrated with 
safety products and safeguard sug- 
gestions. 


51 @ CYLINDERS FOR POWER. Hanna 
Engineering Works bulletin describ- 
ing how hydraulic or pneumatic cyl- 
inders are used to activate machines. 
Shows twenty-one application photo- 
graphs. Also technical article on 
pneumatic and hydraulic drive. 


52 @ STEAM TUBE DRYER. Louisville 
steam tube dryer from General Amer- 
ican Transportation Corp., for or- 
anic and inorganic materials. Bul- 
etin shows schematic views, sizes and 
dimensions, complete description of 
parts, etc. 


53 @ RUBBER STOCK. Stalwart Rub- 
ber Co. line of rubber stock, includ- 
ing silicone rubber. Includes tem- 
perature, oil and gas, chemicals, 
abrasion and weather-resistant types. 
Details on applications, aging tables, 
other data. 


54 @ REGULATING VALVES. Double- 
seated rotary stem regulating valves 
from Brown Instruments Division, 


Minneapolis-Honeywell Regulator 
Co. For lever and weight actuation 
with plain or outboard bearing con- 
struction. Data sheet on size, con- 
struction, body-temperature ratings. 


55 @ PILOT PLANT FLASKS. Reaction 
flask with interchangeable heads, 
glass or stainless. Also reaction set- 
up with conventional flasks, large 
capacity, taper or spherical joints. 
Folder from Ace Glass, Inc. 


56 @ PURIFIERS, For cleaning up mist, 
dirt particles, and other entrainment 
in pipe-lines Hi-eF purifiers from 
V. D. Anderson Co. Used in the 
chemical, food, petroleum and other 
industries. Cutaway views, seven 


types. 


57 @ SYNTHETIC HARD RUBBER. Ace 
Tempron, synthetic hard rubber 
compound, chemically resistant. For 
sustained high-temperature applica- 
tions in handling of corrosive solu- 
tions. Nitrile rubber base. For 
pipes and fittings, molded parts, 
tubes, etc. Heat distortion tempera- 
ture 260 to 275° F. American Hard 
Rubber Co. 


58 @ INJECTION MOLDING. In infor- 
mation bulletin from Monsanto 
Chemical Co. techniques for mold- 
ing styrene plastic-covered. Section 
on molds, materials, fillers, storage, 
preheating, degating. 


59 @ FILTERS. For use in the sugar 
industry Niagara Filter Corp. Auto- 
Sluice filters. On liquors of 65° 


Brix, rates of 4 to 5 gal./(hr.) 


Chemical Engineering Progress 
120 East 41st Street 
New York 17, 
New York 


(sq-ft.). Details of construction and 
operation, illustrations, etc. 


60 @ INDUSTRIAL FABRICS. A 24-page 
illustrated booklet from Wellington 
Sears Co. on industrial fabrics. In- 
cludes natural and synthetic fibers, 
illustrations of weaves, fabrics for 
coating, laminated plastics, filtration. 


61 @ RECORDERS AND CONTROLLERS. 
Catalog of pH and conductivity re- 
corders and controllers from Brown 
Instruments Division, Minneapolis- 
Honeywell Regulator Co. Informa- 
tion on how and where to use auto- 
matic pH, Redox, and conductivity 
measuring and controlling equip- 
ment. Includes theory of electro- 
chemical measurement. 


62 @ WELDED TANK CARS. Various 
tank cars by American Car and Foun- 
dry Co. Detailed sectional diagrams, 
capacities, weights, listed. Also de- 
scribes manufacture of castings, 
pressings, processing equipment. 


63 e DUST ELIMINATOR. Schmieg In- 
dustries, Inc. line of Centri-Merge 
dust and fume eliminators, swirl 
type, available in sizes 400 to 2500 
cu.ft./min. Complete diagrams of 
each unit in bulletin. 


64 e CONSTANT TEMPERATURE EQUIP- 
MENT. Information on ovens, incu- 
bators, water heaters and thermo- 
regulators, including details of op- 
eration and construction in Central 
Scientific Co. bulletin. 


65 @ VACUUM, Describing the use 
of vacuum in industry, a 12-page re- 
print from Ingersoll-Rand Co. Dis- 
cusses method of making a vacuum. 
Two full-page charts on uses and 
manufacture. 


66 @ PUMPS. Centrifugal, reciprocat- 
ing, screw, and rotary pumps of the 
Warren Steam Pump Co., Inc. Bul- 
letin covers piping, suction lines, ro- 
tation, dismantling, and general in- 
formation. Charts and illustrations. 


67 e TUBING STEEL. From Babcock & 
Wilcox Co., Tubular Products Di- 
vision, folder on Croloy 5 steel pipe 
and tubing. Includes condensed 
data on welding, heat treatment, 
creep strength, mechanical and 
hysical properties. Composition is 
denum. Corrosion resistant. 


68 @ SPRAY-DRYER. New with Bowen 
Engineering, Inc. spray-dryers using 
nozzle atomization. Interchangeable 
in one spray-drying installation are 
two types of atomization. Booklet 
available. 
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But “Folded-and-Formed” Heating 
Elements probably played an im- 
portant part producing that 
“Western” they're watching! 


TRENT PATENTED 
“Folded-and-Formed” 


HEATING ELEMENTS 


Leading ‘Television manutacturers 
specily these efficient electric heating 
elements for the ovens used to anneal 
the tubes. A typical installation ts 
shown at right . . . “Folded-and- 
Formed” racks on both walls of a 
continuous television tube annealing 
oven. 


In standard or custombuilt racks, 
*Folded-and-Formed” Heating Ele- 
ments are demonstrating their un- 
equalled efficiency and economy, 
every day, in a growing variety of 
applications. What is your heating 
problem? 


STANDARD RACKS—12’x12” sections of trom 1.5 
K.W. to 7.5 K.W., installed singly or in multiples to give 
any required total K.W. ‘Temperatures up to 1350" F. | 


CUSTOMBUIL RACKS-—in sizes up to 600 


in one bank. 


SPECIAL RACKS—Up to 10’ high by 10° long, with 


any required K.W. per square foot of surface area. | aaea 


232 LEVERINGTON AVE. PHILA 27. PA. 
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Buntz, Billie J., St. Louis, Mo. 
Campbell, E. W., Akron, Ohio 
Catuogno, Anthony, Providence, R. |. 
Chu, A. S., Stillwater, Okla. 
This little Allen wrench Clarke, Bernard J., Columbus, Ohio 
Cobel, George B., Midland, Mich. 
Cochran, Robert W., Torrance, Calif. 
lus | Cohen, Robert, Bayonne, N. J. 
Cohn, Leonard A., St. Louis, Mo. 
Conrads, Leo R., Jr., Houston, Tex. 
Corlett, Richard F., Richland, Wash. 
Be Culberson, Oran L., Pittsburgh, Pa. 
Culgan, John M., Waynesboro, Va. 
Daily, Dallas E., Painesville, Ohio 


deAryan, David L., Alhambra, Calif. 
Drees, Robert F., Wilmington, Del. 
Edmondson, Keith, H., Kalamazoo, Mich. 
® Eilo, Clyde W., Wilmington, Del. 
Etter, A. Anthony, Akron, Ohio 


Fried, Daniel, New York, N. Y. 

Gambill, Wallace R., Charleston, W. Va. 

Goldstein, Edwin F., Philadelphia, Po. 
0 Gregson, Thomas C., Akron, Ohio 


Grierson, Keith, Mentor, Ohio 
Grundmann, Arthur, Wilmington, Del. 


Hoas, Harold W., Phillips, Tex. 
Hanford, Clarence B., Cambridge, Mass. 
Hankerd, Thomas P., Akron, Ohio 
Hanna, Aubrey L., Baton Rouge, La. 


Hazelton, Richard F., Houston, Tex. 


SAYS Hockett, Norman W., Akron, Ohio 
CHARLES VOJIK ; Hodge, B. E., Baton Rouge, Lo. 

; Holdridge, Herbert D., Jr., Texas City, 
ee aoe Hutchins, James R., Bronxville, N. Y. 


Jacobsen, Douglas E., Allendale, N. J. 
; James, V. Eugene, McClellan, Collif. 
“Acid condensate draining through ex- Jenks, R. E., New York, N. Y. 
isting galvanized lines was eating its way - Johannes, Erwin, Lake Charles, Lo. 
right through the pipe wall. We knew the Kasten, Poul R., Ook Ridge, Tenn. 


Khabbaz, Fouad N., Beirut, Lebanon 
remedy to be stainless steel, but shut-down was costly and the Sienflen, Sein ©, Oltecbeth, 04. 4 


job difficult, since it was practically all overhead work and ran Klaubert, Earl C., Wilmington, Del. 

through three floors. Klausner, George K., Cleveland, Ohio 
Knapp, Wilbur D., Dover, N. J. 

Quikup! provided the answer. The entire job was completed in | Knebel, Martin, Bronx, N. Y. 

18 hours and we had none of the headaches that go with Knox, Roger E., Wilmington, Del. 


threading, flaring or welding stainless steel. We estimate that ~ 

Quikupl saved us 37% on installation, in addition to making a 

very simple job out of a tough one.” Ligon, J. D., Houston, Tex. 

| Lilley, Walter J., Collingswood, N. J. 
Lind, Elmer E., Waldwick, N. J. 
Lipson, Malcolm J., Scarsdale, N. Y. 
Marks, John David, Denver, Colo. 
Martin, Ralph C., Lynn, Mass. 
Mays, Robert K., Havre de Grace, Md. 
McAdam, Edward A., Houston, Tex. 
McLaughlin, Sidney J., Akron, Ohio 
McNeil, Harry, Wilmington, Del. 
Meek, Richard L., El Dorado, Ark. 
Mohr, William David, Army Chemical Center, 

Md. 

| Moore, Charles B., Baton Rouge, La. 

| Nash, Robert W., Woodside, N. Y. 
Olah, John A., Chicago, iil. 
Ondish, George F., Pittsburgh, Pa. 


BULLETIN Q100 


Get the full story py 


of this amazing COOPER ALLOY 


stainless steel fit- FOUNDRY CO. @ HILLSIDE, NEW JERSEY 


ting which permits 
quick assembly 
and disassembly 


of stainless pipes 
or tubing without 
threading, flaring 
or welding. 


i 

: Write for Bulletin 

a 


Q100 today. STATE 


(Continued on page 48) 
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DRYING PROBLEMS? 


JUST WRAP 'EM UP AND SEND ‘EM TOUS... 


STRAIGHT ACROSS THE BOARD 
FROM ABRASIVES TO YARNS. 


HERE ARE A FEW OF THE PRODUCTS WE'VE TESTED 
IN OUR LABORATORY FOR MORE EFFICIENT DRYING 


Abrasives 

Apples 

Asbestos 

Bast Fibres 

Beans 

Bristles 

Building Materials 
Calcium Carbonate 
Chemicals 

Clay Fillers for paper 
Cloth 

Coatings 

Coconut 

Cotton 

Dehydrated Foods 
Explosives 
Fertilizers 


Flock 

Flour 

Fruits 

Grain (cooling) 

Hides 

Hair 

Kaolin 

Latex 

Macaroni 

Metal Parts and 
Products 

Nuts 

Paints 

Paper & Paper Products 

Peanuts 

Peat Moss 


Plastics raw stock 

Printing Inks 

Proteins 

Pulp 

Rice 

Rubber—reclaimed, 
synthetic and natural 

Salt 

Sawdust 

Sisal 

Synthetic Fibres 

Textiles—raw and dyed 
stock 

Tobacco 

Waste Sludges 

Wool 

Yarns 


- 


CAN YOU ANSWER THESE 
QUESTIONS ABOUT THE DRYING 
OF YOUR PRODUCT? 


Is it dried uniformly, to exact degree desired — 
under complete control at every stage? 

Are you getting maximum rate of production 
possible, yet maintaining automatically con- 
trolled, unvarying quality? 

Is your drying process the most efficient pos- 
sible — quality-wise, AND cost-wise? No steam 
or hot dry air waste? Using minimum floor 
area? And optimum bed depth? Would alter- 
nate airflow direction tones help, or radiant 
heat boosters, or varying temperature tones? 
Is your product correctly pre-conditioned for 
most efficient drying? Have you ever compared 
drying curves to be certain that every important 
variable is controlled within pre-set limits — 
automatically? 

Which type of dryer is best for your product — 
tunnel, pole, tray, truck, or special design? 


SARGENT can give you the answers to these and 
many other questions, For better, less costly, more 


Pigments efficient operation of drying processes, write us. 


May We Help You. . . 


determine the one best commercially 
practical way to dry YOUR product 
easier, quicker, more economically? 


Just write us. ATIVES: F. E. WASSON, 519 Murdock Rd., 


A. L. MERRIFIELD, 215 Grove Avo., Cincinnati 15, Ohio. 
Ce., 


Vol. 49, No. 4 


2 
SARGENT'S DRYING RESEARCH LABORATORY 
on, 
| 
2. 
3. 
4. 
5. 
4 
-C.G.SARGENT’S SONS CORP 
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WHEN PURITY COUNTS 
USE 


VITREOSIL 


CRUCIBLES 
} 
DISHES TRAYS 


Immune to 

Extreme Chemical, 

Thermal and Electrical 

Conditions. Non-catalytic. Non- 
porous. 


VITREOSIL CRUCIBLES permit the 
production of compounds of real 
purity; and do not absorb material. 
It is possible to wind Vitreosil Cruci- 
bles with wire for direct electrical 
heating. Made in glazed and un- 
glazed finish. 


VITREOSIL DISHES for concentrat- 
ing, evaporating and crystallizing 
acid solutions. Made in large and 
small sizes and types as required. 


VITREOSIL TRAYS are made in two 
types; four sided with overflow lip 
at one end for continuous acid con- 
centration; and plain. Our Techni- 
cal Staff places itself at your 
disposal for further data. For details 
as to sizes, prices, etc., 


Write for Bulletin No.17 


BILOXI MEETING 


(Continued from page 22) 


| nomena experienced in other phases of 
| mineral engineering were also dis- 


cussed. 


The adaptation of flotation and_ its 


| principles to applications outside the 


mining industry was covered in papers 
hy Dr. G. Gutzeit and Dr. R. B. Booth. 
\pplications covered included. 


. Separation of ergot from rye. 
Cleaning of foreign matter from vegetables 
prior to canning or freezing. 

. Removal of hulls from cereal grains. 

. Separation of proteins from natural prod- 
ucts, for example, gluten from starch. 


G. E. Montes, Ethyl Corp., who was on the Regis- 
tration Committee; and H. J. Molaison, U. S. 


| Southern Regional Lab., chairman, New Orleans 


Section, and co-vice-chairman, Biloxi meeting. 


5. Separation of hydrophobic oils from cellu- 
lose and other carbohydrates. 

6. Reclaiming of fibers and fillers from paper 
mill white waters and the de-inking of 
newsprint for re-use as paper raw material. 

. Separation of fat, oil and grease from 
waste liquors os the recovery of lanolin 
from wool scouring liquors. 

. Removal of organic contaminants from tank- 
car washings by the addition of certain 
floatable solids. 

. The separation of potassium salts from 
sodium salts by flotation. 

. Use of the flotation machine as both a 
clarifier and a degosifier, as practiced in 
the treatment of rayon spin baths to re 
move H.S and colloidal sulfur. 


| Speakers on the Sink and Float panel discussion, 
| left to right: C. S. Westerberg, Link-Belt Co.; 
E. W. Gieseke; W. T. Turrall, Lehigh Navigation 
Coal Co., and panel leader; and, speaking, 
| R. W. Hernlund, Western Machinery Co. 
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. The highly successful operation of the re- 
moving of grinding grit and metal con- 
taminants from the soluble oil coolants used 
in the metal-working industry. 

. Use of the flotation machine as both a con- 
denser and separator in the recovery of 
naphthalene, sulfur dioxide and water. 


Dr. Gutzeit then proceeded to describe 
the laboratory procedures that should be 
used for flotation testing of chemical 
engineering problems. The paper showed 
how froth flotation might be helpful in 
at least five types of chemical engineer- 
ing problems. The equipment required, 
reagents necessary and a test program 
were described by the author. The 
(iutzeit paper, in the opinion of the 
chairman of the symposium, Norman 


President W. T. Nichols and George Granger 
Brown. 


Morash, of the National Lead Co., will 
serve as a guide for all novices attempt- 
ing to apply the flotation process to all 
problems. 

To make the symposium complete for 
the engineer, costs were covered by 
Foster Crampton in his paper on cost 
estimating methods. During his talks he 
not only answered this question with re- 
gard to flotation but also brought in the 
other major items of equipment used by 
mineral engineers. 

A discussion period was led by Dr. A. 
M. Gaudin. Dr. Gaudin first presented 
a short ultrahigh-speed film that showed 
the mechanism of bubble-particle at 
tachment. 


Mr. and Mrs. Philip Groggins admire a fine 
stand of bananas in front of the Buena Vista. 
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THE THERMAL SYNDICATE LTD. A) 
 LYNBROOK, N. Y. 


HOW TO GET THE MOST FOR YOUR MONEY 
IN VACUUM FILTRATION 


There are 5 basic requirements that should 
be considered. 


1. The product to be filtered should have the \ 
benefit of competent Laboratory or Pilot Plant 
test work; 


2. Careful study of the determinations made in 
the test work and a selection from these facts 
of the proper filter as to type and size; 


3. Picking a manufacturer with the experience 
and Engineering ability for proper design; 


4. Securing your filter from a manufacturer 
whose facilities for production are adequate 
to meet all requirements; 


5. Picking a manufacturer with a trained and 
experienced service organization to make 
sure that the final installation meets the 
results which the test work indicated. 


The selection of an EIMCO Filter will enable 
you to meet all of these basic conditions four- 
square: 


1. Our Testing Laboratory is one of the best in 
the industry, not only from the standpoint of 
facilities, but capable personnel as well; 


2. Our Sales Engineers with the benefit of 
thousands of installations in every type of 
metallurgical and processing industry are 
able to make an informed selection based 
on laboratory determinations as to the 
proper type and size; 


3. Our Engineering Department is composed of 
well-informed designers and detailers with a 
world of field experience so essential in 
securing fool-proof, rugged design; 


4. Our manufacturing facilities are by far the 
finest in the industry — almost half a million 
square feet of floor space with every needed 
modern tool to insure good, dependable con- 


EXPERIENCED FILTER CONSTRUCTION 


a struction; 

4 4 A 5. Our Service organization consists of hard 
working Engineers and Mechanics who have 

a pride in their product and an all-around 

EXECUTIVE OFFICES AND FACTORIES SALT LAKE CITY 10 UTAM US process training. 


NEW YORK 51.52 SOUTH STREET + CHICAGO sae 
PASO TEXAS. 637 CEDAR STREET 


“IN FRANCE SOCIETE EMCO Panis FRANCE 
IN ITALY EIMCO ITALIA MILAN, ITALY 


! LABORATORY FILTER SERVICE 
~ 
ENGINEERED FILTER DESIGN 
err 


TABLE 2.— (Continued) Tote! 
| testion ots. 
Description Received 


DESIGN AND 7) (Continued) 
b $l/year more 
S2/year more 1329 
e. $5/year more ... S32 


If you are a member of a Local Section, please check here ... 49538 
| anacoil 


if you are not a member of a Local Section, please indicate the reason by checking 

only one of the following 
means sustained performance, 

rugged construction and an eye to 

operational accessibility for mainte- 

nance and repairs. We build well — 

our record of repeat orders from sat- 

isfied clients attests to that. 


FOR THE CHEMICAL PROCESS INDUSTRY, WE 
OFFER OUR... 


Solvent Recovery Equipment ° Extraction 
Coils * Evaporators * Reaction Vessels * 
Condensers (for any Vapor) * Solution 
Heaters & Coolers * Exhaust Waste Heat 
Boilers * Quenching Oil Coolers * Stor- 
age Tank Heaters * Gas Coolers * 
Self-Cleaning Heat Exchangers 
Fractionating Equipment 


A stainiess steel Reflux 
Condenser, floating head 
construction. ‘‘Paracoil’’ 


designed and built. 


Welding up the shell of a 
large Paraco'l Exchanger. 
A typical scene ot our 
Elizebeth Shops. 


YOUR PILOT PLANT OR SPECIAL EQUIPMENT 
requirements can be handled by our experienced 
staff of chemical and mechanical engineers. We 
solicit your inquiries. 


DAVIS ENGINEERING 


CORPORATION 


EAST, GRAND ST. ELIZABETH, N 
30 ROCKEFELLER PLAZA NY 20.N Y 


a 
b 


Commuting difficulties . 9 


Us 


Have not been asked to join 251 


Am not interested 2 


da. Section dues are too high 


f. 


h 


Don't like the group 

Don't know of @ near-by loca! section 
No opinion 

Some other reason 


How active are you in your local section as measured by your average yearly at- 
tendance 


a 
b 
d 


e 


What is the main reason you attend the local section meetings / 


Have attended none of the meetings .... 

Have attended about 25% of the meetings 
Have attended about 50% of the meetings 
Have attended about 75% of the meetings 
Have attended all of the meetings . 
Please check the 


main reason only 


e 


Interested in technical problems 

Enjoy personal contacts and social gatherings 
Feel it helps professionally 

Enjoy extracurricular activities generally 
Some other reason 


What is the main reason for your missing local section meetings! Please check the 
main reason only 


a. 
b 


e 


f 


Inadequate announcement 

Not member of a local section 
Iliness—self or family 

Not interested in program 
Other engagements .. 

Some other reason 


Do you wish that you had spent more time on liberal arts subjec ts at the expense of 
technic a) subjects in vour academic wor 


a 


b 


No 
Undecided 


Do you feel you made the correct choice of career in bec -oming a chemical engineer 


No 
v ndecided 


If you are an employee, does your employer recognize you as a professional man 
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Yes 
No 

Undecided 

Not an employee 


RAISE FILTRATE QUALITY. 
LOWER MAN-HOUR COST | 


CHEMICAL 


ADAMS FILTERS 
Poro-Carbon 


Write for your copy of Bulletin 430° 


R.P. ADAMS CO.., inc. 240, PARK DRIVE 
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554 
2422 
2168 
995 
1068 
303 
1551 
b 1701 
1492 
d 3506 
156 
1014 
149 
d 1558 
3156 
935 
14. 
1976 
5347 
| 418 
i 
« a = ‘ o519 
b 422 
Z b eee 
& d 231 
| 
| 
nent filter media for ideal filter aid — 
removal of any port. Filter is on- 
@ Hydraulic davit lifts free-swinging | 
battery, includes filter aid precoat’ : 
tank, continuous filter aid feeder, 
| 


Photo on left shows PYREX 
pipe carrying highly corrosive 
solvents from glass-lined ket- 
tles to PYREX cascade coolers 
suspended from ceiling. The 
operating requirements in- 
clude temperatures from room 
to 140° C.; pressures from at- 
mospheric to 29” of vacuum. 


Photo on right is close-up of 
another cascade cooler with 
glass supply and transfer lines 
in the foreground. 


Why General Aniline and Film uses PYREX’ Pipe 


and Cascade Coolers to handle highly corrosive acids 


At the Grasselli, N. J. plant of General Aniline and 
Film Corporation, corrosives mean such solvents as 
ethyl, methyl and isopropyl alcchols, benzene, ace- 
tone, petroleum ether, heptane, and pyridine. These 


less,” corroding out in a day or so with corresponding 
product contamination. 

During the year when Pyrex pipe and Pyrex cas- 
cade coolers have been in service in this plant they 


are volatile and inflammable as well as corrosive and 
carry over corrosive acid vapors in distillation. 
Experience has proved that no other piping mate- 
rial, regardless of cost, can match the effectiveness of 
Pyrex brand “Double-Tough” glass pipe for han- 
dling these solutions. General Aniline originally 


have required no maintenance. They stand up to the 
severe service. Their transparent walls also permit 
the plant men to watch the flow of materials and, in 
between batches, to be sure the lines are clean. 

If you are handling corrosive or sensitive liquids, 
don’t gamble. Send for the facts today on the remark- 


tried another corrosion-resistant piping material 


able corrosion-resisting and non-contaminating prop- 
which lasted “for one batch of one product, more or 


erties of Pyrex pipe and cascade coolers. 


CORNING GLASS WORKS + DEPT. EP-4, CORNING, N. Y. 


Please send me the printed 

information checked below: 

“PYREX brand Glass Pipe 

in the Process Industries” 
(EA-1) 

“PYREX brond *Double- 

Tough" Glass Pipe and 

Fittings” (EA-3) 

“Pyrex Cascade Coolers” 

(PE-8) 


Nome 


r 

Title 


Company 


City 


Zone State 


| 
| 
| 
Street 
| 
4 


Vol. 49, No. 4 Chemical Engineering Progress Page 47 


| 
; CORNING GLASS WORKS 
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Corning meant research wx 
PYREX 


No magic...No magnetism... lapped wring fit of every Hf 


Okadee Valve disc and seat must pass this test of a 
perfect sealing surface. (unretouched photo) 


..-Here’s What it Means to You in 
Terms of Valve Service 


Flat mating surfaces within .000005", or less, of every set of 
Okadee valve discs and seats mean absolute shut-off of any material 
from ammonia gas to asphalt. 


How long does this seal last in service? We honestly don’t know. 
Tests under working conditions with propane were stopped after 
269,000 operating cycles when no wear or seal failure could be 
detected. And Okadee valves do not have to be babied in service 
on corrosive or abrasive materials . . . Thousands of boilers have 
had Okadee blow-down valves in continuous, trouble-free service 
for fifteen years or more. If Okadee size-pressure-temperature 
ranges include your valve applications, Okadee installation will 
end your problems of valve performance once and for all. 


Okadee valves are available in single-disc (one direction) and 
double-disc (two directions) types; screwed or flanged; 42" to 6” in 
standard A.S.A. dimensions; steel or semi-steel bodies (other materi- 
als to order); stainless steel or stellite seat facings; levers, rack-and- 
lever, worm-gear, hydraulic, pneumatic, automatic on-off control. 


Write for Bulletin 332-F today! 


COMPANY. 


332 South Michigan Avenue . Chicago 4, Illinois 
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CANDIDATES 


(Continued from page 42) 


Orneo, John C., Emeryville, Calif. 
Osgood, Alain A., Bedong, Kedah, Fed. of 
Malaya 
Paine, Albert E., Cambridge, Mass. 
Pappas, S. G., New York, N. Y. 
Patterson, Malcolm, St. Albans, W. Va. 
Paul, James T., Jr., Wilmington, Del. 
Perkins, J. H., Jr., Philadelphia, Pa. 
Pike, John W., Warren, Pa. 
Pokrivchak, George, Hanover, N. J. 
Pratt, Stuart W., Jr., Woodstown, N. J. 
Reed, Guy R., Jr., Ft. Monmouth, N. J. 
Reeder, George Stuart, Jr., Elkton, Md. 
Roeder, Gerald A., St. Louis, Mo. 
Rogge, R. J., Stamford, Conn. 
Sala, Lovis M., Louisville, Ky. 
Salisbury, Thomas E., Akron, Ohio 
Savage, John L., Akron, Ohio 
Sherman, Philip B., Nyack, N. Y. 
Silberberg, Melvin, Bayshore, L. I., N. Y. 
Spiller, Charles A., Jr., Whiting, Ind 
Stayton, Homer H., Baytown, Tex. 
Stewart, Robert S., Hatboro, Po. 
Teschner, Charles L., Cuyahoga Falls, Ohio 
Tesoro, R., New York, N. Y. 
Thompson, Edward T., New York, N. Y. 
Truesdell, Galen A., Jr., Torrance, Calif. 
Valji, S. E., Chicago, Ill. 
Velo, M. A., Jr., Bartlesville, Okla. 
Watts, Admiral A., Alhambra, Calif. 
Wehe, Albert H., Baton Rouge, Lo. 
Wells, Harold N., Sheffield, Alo. 
Whittington, David K., Port Arthur, Tex. 
Wikman, Andrew O., Baton Rouge, La. 
Wilson, Thomas R., Jr., Idaho Falls, Idaho 


Secretary’s Report 
S. L. TYLER 


he Executive Committee met at the 

Buena Vista, Biloxi, Miss., March 8, 
1953, and received and approved Min- 
utes of the meeting of Jan. 16, 1953, 
and the actions taken by mail in Febru- 
ary, 1953. All those whose names ap- 
peared in the February issue of “C.E.P.” 
as candidates for membership were 
elected to the grades indicated. There 
were 157 applicants elected to Student 
membership. 

Six members were placed on the 
Suspense List because of their entering 
the Armed Forces and four members 
were reinstated to full participating 
membership status as they had returned 
from the Service. The election of nine 
applicants for Junior membership was 
rescinded because of nonacceptance. 

M. C. Molstad was appointed the sec- 
ond representative of the Institute along 
with W. T. Dixon, who had been prev- 
iously appointed to attend the meeting 
of the American Academy of Political 
and Social Science, April 10 and 11, at 

(Continued on page 52) 
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greater safety 


Johns-Manville offers... 


new 52-page THERMAL INSULATION SPECIFICATIONS manual 


For the oil refining and chemical process industries—the 
most complete manual of thermal insulation specifications 
ever offered! It contains 52 pages of data, specifies the 
correct insulations and methods of application for 
equipment in every temperature range encountered in 
these industries. Vessels, tanks, flues, pipes, breechings, 
stacks, vacuum filters, oil heaters and many other 
types of equipment are included. 

Johns-Manville offers industry undivided responsi- 
bility for all thermal insulation requirements. J-M com- 
plete insulation service includes: 

J-M Materials—for every temperature requirement 
from minus 400F to plus 3000F. The many different 
kinds and forms of J-M Insulations include pipe insu- 
lation, sheets, blocks, bricks, blankets, insulating ce- 
ments and fills, insulating papers and felts. 


oucts 


MATERIALS - ENGINEERING - 


Vol. 49, No. 4 


Johns-Manville 
First IN INSULATION 


APPLICATION 


J-M Engineering—to provide the technical knowledge 
needed to specify the correct insulation for maximum 
performance. Johns-Manville has almost a century of 
experience in insulation engineering. It has the world’s 
largest insulation laboratory for the development of 
new and improved products. 


J-M Application—to insure long, trouble-free ser- 
vice. J-M Technical Service Units and J-M Insulation 
Contract Units are located throughout the country. 
They are staffed with men skilled in the application 
of Johns-Manville Insulations according to proven 
and successful J-M methods. 


Mail coupon for your copy of manual. 


This Jobns-Manville manual of Thermal Insulation Specifications is 
offered as a service to the oil refining and chemical process industries. 


Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, 199 Bay St., Toronto 1, Ontario 


Please send me without charge copy of your 
Insulation Specifications, IN-128A 


Name Title 


Company__ 


Address 


-------------+ 


City and Zone 
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VALVE 
ACTUATORS 


for POWER OPERATION 
and REMOTE CONTROL 
of Line Valves 


If you require automatic controls or 


power operation —or if your plant 
uses many valves in remote or inaz- 


cessible spots, you can save man- 


power and simplify your operations 
by installing Ledeen Valves. Adapt- 
able to most any make, size and 


type of valve to operate against any 


line pressure, for any fluid medium, 
with any pressure. Positive, rugged, 
economical. 


Write for Bulletin 512 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS AIR HOISTS 


1602 So. San Pedro 
Angeles 15, Calif. 


MEETINGS 

San Francisco, Calif., Fairmont Ho- 
tel, Sept. 13-16, 1953. 

Technical Program Chairman: R. 
W. Moulton, Head, Dept. of Chem. 
Eng., University of Washington, 
Seattle, Wash. 

Annual—St. Louis, Mo., Hotel Jef- 
ferson, Dec. 13-16, 1953 

Technical Program Chairman: R. M. 
Lawrence, Monsanto Chem. Co., 
St. Louis 4, Mo. 

Washington, D. C., 
March 8-10, 1954. 

Technical Program Chairman: 
George Armistead, Jr., Consult. 
Chem. Eng., George Armistead & 
Co., 1200 18th St. N.W., Washing- 
ton 6, D. C. 

Springfield, Mass., Hotel Kimball, 
May 16-19, 1954. 

Technical Pregram Chairman: E. B. 
Fitch, Asst. to Res. Dir., The Dorr 
Co., Westport, Conn. 

Ann Arbor, Mich.. Univ. of Mich., 
Ann Arbor, Mich. June 20-25, 
1954—Conference on Nuclear En- 
gineering. 

Technical Program Chairman: D. L. 
Katz, Chairman, Dept. of Chem. 
and Met. Eng., Univ. of Mich., 
2028 E. Eng. Bldg. Ann Arbor, 
Mich. 

Glenwood Springs, Colo., Hotel Col- 
orado, Sept. 12-16, 1954. 

Technical Program Chairman: Prof. 
C. H. Prien, Dept. of Chem. Eng., 
Univ. of Denver, Denver 10, Colo. 

Annual—New York, N. Y., Statler 
Hotel, Dec. 12-15, 1954. 

Technical Program Chairman: G. T. 
Skaperdas, Assoc. Chem. 
Eng. Dept... M. W. Kellogg Co., 
225 Broadway, N. Y. 7, N. Y. 

Asst. Chairman: N. Morash, Titan- 
ium Div., National Lead Co. P. O. 
Box 58, South Amboy, N. J. 

SYMPOSIA 

Ion Exchange 

Chairman: N. R. Amundson, Dept. 
of Chem. Eng., Univ. of Minne- 
sota, Minneapolis 14, Minn. 

Meeting—San Francisco, Calif. 

Mixing 

Chairman: J. H. Rushton, Dept. of 
Chem. Eng., Illinois Inst. of Tech., 
Chicago, Ill. 

Meeting—San Francisco, Calif. 

Transport Properties 

Chairman: J. L. Franklin, Res. 
Assoc. Humble Oil & Refining 
Company, -Baytown, Texas 

Meeting—San Francisco, Calif. 


Applied Thermodynamics 


Statler Hotel, 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the A.l.Ch.E. Program Committee 
Loren P. Scoville, Jefferson Chemical Co., 260 Madison Ave., New York 16, N. Y. 


Chairman: W. C. Edmister, Calif. 
Res. Corp., 576 Standard Ave., 
Richmond, Calif. 

Meeting—San Francisco, Calif. 

Fluid Mechanics 

Chairman: R. W. Moulton, Head, 
Dept. Chem. Eng., Univ. of Wash- 
ington, Seattle, Wash. 

Meeting—San Francisco, Calif. 

Distillation 

Chairman: D. E. Holcomb, Dean of 
Eng., Texas Technological Col- 
lege, Lubbock, Tex. 

Meeting—St. Louis, Mo. 

Dust and Mist Collection 

Chairman: C. E. Lapple, Dept. of 
Chem. Eng., Ohio State Univer- 
sity, Columbus 10, Ohio. 

Meeting—St. Louis, Mo. 

Drying 

Chairman: L. E. Stout, Dept. of 
Chem. Eng., Washington Univer- 
sity, St. Louis 5, Mo. 

Meeting—St. Louis, Mo. 

Use of Computers in Chemical 
Engineering 

Chairman: John R. Bowman, Head, 
Dept. of Res. in Phys. Chem., Mel- 
lon Institute of Industrial Re- 
search, Pittsburgh 13, Pa. 

Meeting—St. Louis, Mo. 

Heat Transfer 

Chairman: D. L. Katz, Chairman 
(Address: See Ann Arbor Meet- 


ing). 
Meeting—St. Louis, Mo. 
Carbonization 


Chairman: R. S. Rhodes, Asst. Mgr., 
Prod. Dept., Koppers Co., Inc., 
Koppers Bldg., Pittsburgh 19, Pa. 

Meeting—St. Louis, Mo. 

Industrial Waste Disposal 
Chairman: R. D. Hoak, Sr. Fellow, 
Mellon Inst., Pittsburgh 13, Pa. 

Mceting—St. Louis, Mo. 

Nuclear Engineering 

Chairman: D. L. Katz, Chairman 
(Address: See Ann Arbor Meet- 
ing). 

Meeting—Ann Arbor, Mich. 

Reaction Kinetics 

Chairman: N. R. Amundson, Dept. 
of Chem. Eng., Univ. of Minne- 
sota, Minneapolis 14, Minn. 

Meeting—New York, N. Y. 

Liquid Entrainment and Its 
Control 
Chairman: 

Corp., 
Rouge, La. 

Absorption 

Chairman: R. L. Pigford, Div. of 
Chem. Eng., Univ. of Delaware, 
Newark, Del. 


E. O'Connell, Ethyl 
O. Box 341, Baton 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. should first 
query the Chairman of the A.1.Ch.E. Program Committee, Loren P. Scoville, with a carbon 
copy of the letter to the Technical Program Chairman of the meeting at which the author 
wishes to present the paper. Another carbon should go to the Editor, F. J. Van Antwerpen, 


120 East 4st Street, New York 17, N. Y. 


If the paper is suitable for a symposium, a 


carbon of the letter should go to the Chairman of the Symposia, instead of the Chairman 
of the Technica! Program, since symposia are not scheduled for any meeting until they are 
complete and approved by the national Program Committee. Before authors begin their 
manuscripts they should obtain from the meeting Chairman a copy of the Guide to Authors, 
and a copy of the Guide to Speakers. The first book covers the preparation of manuscripts, 


and the second covers the 
tions of papers are judge 


roper presentation of papers at A.1.Ch.E. meetings. Presenta- 
at every meeting and an award is made to the speaker who 


delivers his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his local 
section. Since five copies of the manuscript must be prepared, one should be sent to 
the Chairman of the symposium and one to the Technical Program Chairman of the 
meeting, or two to the Technical Program Chairman if no symposium is involved and the 
other three copies should be sent to the Editor's office. Manuscripts not received 120 days 


before a meeting cannot be considered. 
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Assure Hexibility 


in your plant with 


FINTUBE Sectioual HEAT EXCHANGERS 


@ Production schedules and processing techniques 
change. Consequently, you can never know positively, what your fluid 
heating and cooling needs will be next year — or even next week. Because 
Brown Fintube Heat Exchangers consist of standard sections connected in 
proper series-parallel arrangement, they can be rearranged easily and 
quickly to meet changing conditions. 


You simply add, or remove, a few sections, or change the series-parallel 
manifolding. The plant can be operating efficiently, on almost any new 
duty, on short notice,— and with a minimum investment in new equipment. 
“Bundle” type exchangers are not flexible. For them a change involves the 
delay and expense of designing — and waiting — for a whole new unit. 


Flexibility is only one of Brown Fintube’s many advantages. You'll find 
full details in our Bulletin No. 512. Send for a copy. It will give you ideas. 


, Integral One-piece Fintubes; Sectional Heot Ex- 


: T NT U a E Cc oO changers and Coolers; Vertical Heaters for Bulk Storage 
. 


Tanks; Tank Suction Heaters; Pressure and Suction Line 


ones Elyria. Heaters; Process Tank Heaters; Fired Indirect Heaters 


ond Special Types of Fintube Heaters and Coolers. 


NEW YORK * BOSTON * PHILADELPHIA © PITTSBURGH * BUFFALO * CLEVELAND * CINCINNATI * DETROIT * CHICAGO * ST. PAUL © ST. LOUIS 
MEMPHIS * BIRMINGHAM * NEW ORLEANS * SHREVEPORT * TULSA * HOUSTON * DALLAS * LOS ANGELES * SAN FRANCISCO * ond ST. THOMAS, ONT. 


Vol. 49, No. 4 Chemical Engineering Progress Page 51 


This NEW METHOD 
DRIES AIR 


PRECISELY as you want it 


condition you need 


to control your product's quality 


to prevent condensation on your product or material 

to prevent changes due to moist air in contact with your product 
to protect your material from dampness 

to protect your processing of moisture-sensitive material 

to DRY your material or product 

to pack or store your product safe from moisture damage 


to get exact moisture control for the precise atmosphere 


to provide precise atmospheric conditions for testing 


P to increase your air conditioning capacity 


p> to DRY large quantities of fresh air from outdoors 


The Niagara’s Controlled Humidity Method using 
HYGROL moisture-absorbent liquid is 


Best and most effective because . .. it re- 
moves moisture as a separate function 
from cooling or heating and so gives a 
precise result constantly and always. 
Niagara machines using liquid contact 
means of drying air have given over 20 
years of service. 


Most reliable because ... the absorbent 
is continuously reconcentrated automat- 
ically. No moisture-sensitive instruments 
are recuired to control your conditions. 


Most flexible because .. . you can obtain 
any condition at will and hold it as long 
as you wish in either continuous produc- 
tion, testing or storage. 


Easiest to take care of because .. . the 
apparatus is simple, parts are accessible, 
controls are trustworthy. 


Most compact, taking less space for in- 
stallation, 


inexpensive to operate because ... no 
re-heat is needed to obtain the relative 
humidity you wish in normal tempera- 
ture ranges and frequently no refrigera- 
tion is used to remove moisture. 


o & 


The cl ...no solids, salts 
or solutions of solids are used and there 
are no corrosive or reactive substances. 


Niagara Controlied Humidity 

Air Conditioning 
This method removes moisture from air 
by contact with a liquid in a small spray 
chamber. The liquid spray contact tem- 
perature and the absorbent concentra- 
tion, factors that are easily and positively 
controlled, determine exactly the amount 
of moisture remaining in the leaving air. 
Heating or cooling is done as a separate 
function. 


For complete information write 


NIAGARA BLOWER COMPANY 


Dept. 


EP, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of United States and Canada 
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SECRETARY’S REPORT 


(Continued from page 48) 


Philadelphia. R. N. Maddox was ap- 
pointed counselor of the student chapter 
at Oklahoma A. & M. College to succeed 
L. N. Bartlett. 

The Council of the Institute met at 
the Buena Vista, Biloxi, March 8, 1953. 
and after approval of Minutes, receipt 
of Treasurer's report, etc., proceeded to 
the new business. 

A special subcommittee of the Public 
Relations Committee presented pre- 
liminary report on the imitial analysis 
of the Questionnaire. No conclusive re- 
sults were reported; hence, no further 
information is available at this time. 
The analysis is being continued and re- 
ports will be forthcoming at as early a 
date as possible. 

Council approved a contribution of 
$200 as part of the fund given by the 
member societies of the Engineers’ 
Council for Professional Development 
toward a total fund of $6,000. The fund 
is being raised for a study of engineer- 
ing curricula in the United States by 
the Committee on Evaluation of Engi- 
neering Education of the American So- 
ciety for Engineering Education. 

T. H. Chilton presented a report on 
recent developments in the formation of 
Engineers and Scientists of America, a 
new grouping of engineering and tech- 
nical personnel, and as a result of his 
report the following action was taken: 


VOTED, That the representatives of the 
A.1.Ch.E. on E.J.C. be instructed to present a 
resolution, to be referred to the Council for 
consideration by the constituent societies, with 
the recommendation of its adoption, declaring 
in effect that the enhancement of the status of 
the engineer is best promoted by his reliance 
upon his personal professional growth and 
accomplishment, and that his status as a pro- 
fessional man is endangered by reliance upon 
group efforts to act on his behalf in reaching 
short-range economic objectives; while at the 
same time the corresponding obligation is laid 
upon the employer of engineers to give each 
professional employee his due individual re- 


of a profession. 


President Nichols was authorized to 
appoint a subcommittee to keep in touch 
with developments and report periodic- 
ally to the Council. 

Secretary reported that it had been 
necessary to change the dates of the 
national meeting in Springfield, Mass.. 
from May 9-12, to May 16-19, 1954, and 
this change was approved. 

The Program Committee had recom- 
mended that approval be given to a 
Joint Heat Transfer Symposium with 
the Heat Transfer Division of A.S.M.E. 
to be held during the annual meeting in 
New York in December, 1954. This 
recommendation was approved. 
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The Program Committee further 
recommended that the Institute join with 
the Instrument Society of America in 
sponsoring a symposium on Instrumen- 
tation to be presented at the First Inter- 
national Instrument Congress and Ex- 
position in September, 1954. This re 
commendation was also approved. 

The recommendation of the Program 
Committee that a national meeting bx 
held in Louisville, Ky., probably in 
March, 1955, was approved with the 
dates to be determined later. 

Interim progress reports were re 
ceived from several members of Council 
on behalf of the committees for whom 
they are acting as liaison representa 
tives. 

Lee Van Horn was appointed to re 
present the Institute at the inauguration 
of Raymond B. Allen as chancellor ot 
the University of California at Los 
Angeles on March 20, 1953, and Charles 
R. Nelson was appointed representative 
of the Institute at the inauguration of 
Clark Kerr as chancellor at the Univer- 


sity of California, Berkeley, on March | 


23, 195. 

I'pon recommendation of the Execu 
tive Committee it was voted to credit to 
the Institute Meetings Account the sur- 
plus from the annual meeting in Cleve- 
land in the amount of $2,735.96. 


FELLOWSHIPS AT 
OKLAHOMA UNIVERSITY 

Seven fellowships are now available 

in the school of chemical engineering at 

the University of Oklahoma. They are 

the following: 

American Gas Association 

Black Sivalls and Bryson, Inc. 

Gulf Oil Corp. 

Magnolia Petroleum Co. 

The Texas Co. 

Maloney-Crawford Tank and Manufacturing Co 

The Dow Chemical Co. 


Details about these fellowships can be 
obtained by writing R. L. Huntington, 
chairman of the school of chemical engi- 
neering, University of Oklahoma, Nor- 
man, Oklahoma. Application blanks 
will be mailed promptly to anyone who 
is interested. 


A.S.E.E. CONVENTION AT 
UNIV. OF FLORIDA 


The 6lst annual convention of the 
American Society for Engineering Edu- 
cation will be held next June 22-26 in- 
clusive at the University of Florida in 
Gainesville. This year’s host institu 
tions——the University and the State of 
Florida—are arranging a technical and 
recreational program. 

In addition tan technical program in 
the field of engineering education, atten- 
tion will be given to the currently vital 
problems of manpower utilization and 
industrial expansion. 
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GARLOCK BITAN Leather Cups, GARLOCK CHEVRON GARLOCK GUARDIAN 
Pockings ond Gaskets Hydroulic Packings Asbestos-metallic Gasket 


GARLOCK KLOZURE Oj! ond GARLOCK LATTICE-BRAID Rod 
Grease Seals for Beorings ond Shoft Pockings 


BITAN’ 

CHEVRON* 

“|~ GUARDIAN* 
KLOZURE’ 
LATTICE-BRAID* 


These familiar brand names are registered trade-marks 
belonging to The Garlock Packing Company. They are 
never to be used as generic terms to designate types of 
products and are properly used only to denote products 
manufactured by Garlock. 


BITAN Leather Packings, CHEVRON Packings, 
GUARDIAN Gaskets, KLOZURE Oil Seals and 
rode-Mar 
Reg. U.S. Pot. OF. LATTICE-BRAID Packings are all exclusive prod- 
ucts of Garlock’s own factories. So, wherever you see 
these trgde-marks you can be sure that the products 
with which they are used are of proper design and are 
manufactured to the highest quality standards. They 
will give you long, dependable service. 
Branch Offices in Principal Cities y 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 
In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont, 


® PACKINGS, GASKETS, Oil SEALS, 


AR LO . K MECHANICAL SEALS, 


RUBBER EXPANSION JOINTS 


a 
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For precisely controlled 
metering and proportioning 
of small volume flows... 


“U” Type Proportioning Pump 


© The Hills-McCanna “U” Type Pump is designed to continuously 
meter and proportion small flows of the order of 0.10 to 24 gallons 
per hour per feed. Iis accuracy and reliability suit it for research, 
pilot plant operation and full scale processing alike. The “U” type 
pump is suitable for batch or continuous operations. 
Typical examples cf "U” type pump applications include: 
® Continuous addition of air entraining agents during cement 
manufacturing operations. 


© Continuous injection of internal phosphate treatment and 
sodium sulphite oxygen scavenging in boiler plant water 
treatment. 


@ Injection of gasoline gum inhibitors into finished gasoline. 
@ Proportioning low molecular weight polymers and catalyst 
solution in resin research. 


The new “U” Pump Catalog, UP-52, gives 
full information on the “U” type pump 
plus extensive application data including 
specific service recommendations for han- 
dling over 300 substances. Write for your 
copy, today. HILLS-McCANNA CO., 2438 
W. Nelson St., Chicago 18, Ill. 


HILLS-McCANNA 
Also Manufacturers of: Saunders Patent Diaphragm Valves 
Force Feed Lubricators * Magnesium Alloy Sand Castings 
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INTERNATIONAL NUCLEAR 
ENERGY WEEK IN 1954 


Plans for an international meeting to 
explore the chemical engineering aspects 
of nuclear processes are being forwarded 
by the A.I.Ch.E. Committee on Nuclear 
Energy, headed by D. L. Katz, chairman 
of the Department of Chemical Engi- 
neering, University of Michigan. The 
week-long meeting is tentatively sched- 
uled for June 20 to 25, 1954, at Ann 
Arbor. Experts from all over the world 
will be invited to attend. 

The program, which is expected to be 
the most comprehensive ever held on the 
subject, will begin with an all-day con- 
ference on educational problems asso- 
ciated with training engineers for the 
nuclear field. A two-day program will 
cover the design of nuclear power re 
actors, and there will be technical dis- 
cussion of fuel resources, fuel prepara- 
tion, chemical processing of spent fuel, 
lisposal of radioactive products, use of 
isotopes, safety, instrumentation, and 
control and a conference on the social 
impact of the atomic age. Host for the 
meeting will be the Detroit Section, and 
R. R. White of the University of Mich 
igan will be General Chairman. 

Together with the Nuclear Energy 
Committee, two members of the Atomic 
Energy Commission Staff, Dr. Alberto 
F. Thompson and Dr. James G. Becker- 
ley, are participating in plans for the 
program. 


ENGINEERING IS 
CHIEF RED STUDY 

Twenty-four of every twenty-five 
students beginning a university course 
in Communist China in 1952 are being 
prepared to contribute to China’s indus 
trialization program, according to a 
Herald-Tribune (New York) article re- 
printed by the Engineers Joint Council 
“By far the heaviest enrollment is im 
engineering colleges.’ the article states, 
and “only about 36% of [the] year’s 
university enrollment were permitted to 
take courses in the fine arts, law or 
political science.” 

“Accordingly,” the article continues. 
“most Chinese universities or colleges 
have become advanced trade schools or 
technical colleges. Typical are the Pek 
ing Iron and Steel Academy, the Nan- 
king Engineering College, the 
Peking Academy of Mechanized Agri 
culture.” An example of “the new type 
of university . . . is Tsinghua, in 
Peking, which for the last fifty vears 
has been one of the nation’s most re- 
spected and best known places of learn- 
ing. Tsinghua reopened recently fol 
lowing reorganization, with an enroll 
ment of 6,000 students. It is now a poly- 
technic institute, offering such courses 
as power-plant engineering, metal proc- 
essing and petroleum engineering.” 
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CONFERENCE SET ON 
ODORS IN INDUSTRY 


A Conference on Basic Odor Re- 
search Correlation will be held under 
the joint sponsorship of the American 
Society of Heating and Ventilating 
Engineers and the New York Academy 
of Sciences on Thursday and Friday, 
April 23 and 24, 1953, at the Barbizon- 
Plaza Hotel, West 58th Street at 6th 
Avenue, New York. Papers to be pre 
sented at the morning and afternoon ses- 
sions will come under the general head 
ings of “The Odor Problem in Indus 
try and Sciences”; “The Olfactory 
Process, Status of Present Knowledge” ; 
“The Status of Subjective and Objec- 
tive Measurement Techniques”; and 
“Experimental Studies in Odor.” 


DOW TO PRODUCE 
POLYETHYLENE HERE 


The Dow Chemical Co. ts entering 
the production of polyethylene, accord- 
ing to a recent announcement. Negotia- 
tions for patent licenses and technical 
knowledge have been made with Imper- | “Progress through Chemistry” 
ial Chemical Industries, Ltd., a British : 
firm. Dow's Texas Division at Freeport be Photograph shows Standard-Hersey Rotary Dryer for 
will construct plant facilities and expects | 
to start production of this plastic in 18 
to 24 months. 

Among major uses of the plastic ts 
film for packaging purposes, such as unitin realitya combination flash 
refrigerator food-storage bags; for and rotary dryer with most de- 
shower curtains; and for drapery mater- THE DAVISON | ath 
ials. CHEMICAL CORPORATION 

It is also used for many injection- , 


drying of petroleum cracking catalyst at the Cincinnati 
Plant of The Davison Chemical Corporation. Patented 


Standord-Hersey intermediate-feed system makes the 


molded articles—such housewares as 


and for paper coating, plastic pipe, and 


wire and cable coating. S 
TAN DAR -HERSEY 
ELECTRON MICROSCOPE 
SUMMER STUDY COURSE D R Y I ne G 


The annual Cornell University sum- 


mer laboratory course in Techniques Ea D 
: ' ch year scores of new names are ad i 
and Applications of the Electron Micro- y ded to the list of 


scope will be given from June 15 to well-known Standard-Hersey Dryer users. The Davison 
June 27, 1953, by the Laboratory of Chemical Corporation is another leader in its field which 
Electron Microscopy in the department has joined the swing to STANDARD-HERSEY drying 

of engineering physics. Under the di- 
rection of Dr. Benjamin M. Siegel, the | For both fabrication facilities and engineering know-how, 


course will have Dr. James Hillier of | : : 
I. you can count on STANDARD always in the forefront 
C of MIS. Com of dryer developments for over half a century. 
bridge, Mass., as guest lecturers. It pays to STANDARD.-IZE. 

It is designed for those research work- 
ers, institutional and industrial, who | . Write today for complete, illustrated dryer Bulletin No 531, describing 
have recently entered the field of electron an 4 Ae latest “PILOT” drying techniques and the more than 30 types of 
microscopy; alao those who are now 4 a Standard-Hersey dryers for every process industry need. 
planning to undertake research problems 
involving applications of this instru- 
ment. 

Inquiries should be addressed to Dr. | Drvers m 


Zenjamin M. Siegel, Department of 


Engineering Physics, Rockefeller Hall, STANDARD STEEL COR PORATION 
Cornell University, Ithaca, N. Y. 5055 Boyle Ave., Los Angeles 58 w 7 East 42nd St, New York 55 
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TABLE 2.— (Continued) 


Question 
No Description 


17. For use in correlating your replies we need some information about you. First 
pour ouncaties ; please check here ony the highest degree you obtained. 
a one 
b. Undergraduate degrees, A.B 
e. Master's, Professional, or equivalent, 
d Doctorate, Ph.D., Be.D., ete. .. 
1s. How many years have elapsed since your undergraduate degree was awarded / 
of December, 1952). Please check on appropriate line, 
year to the nearest whole number. (If you do not have an undergraduate 
please check number of years in the profession.) 
a. Less than one .. 


, B.E et ete 
Ch.E., ete 


MS., 


b. 1 or 2 
c 3 or 4 

d. 5 or 6 
e Tors 

f. 9 or 10 
11 to 15 
h. 16 to 20 
i. 21 to 25 
). 26 to 30 
k S1 to 40 
1. Over 40 


19. Please indicate date of hirth ‘ 


a. 1930 or later 


b 192-1920 

‘ 1926-1927 

d 1924-1925 

1922-1923 

1920-1021 

h 1910-19014 

i 1905-1904 

j 1900-1904 


Total 
Received 


about 


(As 
rounding off a fraction of a 
degree 


20. Current data on your annual professional income ‘(excluding income , from investments 
or other sources) will give valuable and useful information when correlated with ques 


Kemembering that this questionnaire is anonymous 
If you prefer not to answer this question, you may check 
balance of the questionnaire 


tions 17-19 
appropriate box 
and continue with the 
a. Under $4,000 
b 24.001 to 85.000 
©. $5,001 to $6,000 
d, $6,001 to $7,000 
e. $7,001 to $8,000 
$8,001 to 
g. $9,001 to $10,000 
h. $10,001 to $15,000 
i. $15,001 to $25,000 
J. $25,001 ta $50,000 
k. Over $50,000 
| No answer 

21. What is your prese nt gerade 


of A.L.Ch.E. membership! 


a. Active 


ve. Are you a Registered Professional Engineer? 
a. Yos, in one state only eenes 
b. Yes, than one state 


‘ No eee 
25. If the answer to Question 22 is 
you in your wor 
a. Yes 
b No 
c. Undecided 
24. If the answer to Question 22 is 
a Ves 
No 
25. If the answer to Question 22 is 
engineer! 


become ” 


no," is it your intention to 


ce. Undecided ... ‘ 
26. What is your oce upation / 
according to your main field of endeavor, or function. 
a. Research and development 
b. Design (process, plant, mechanical 
« Plant operation, 
d. Teaching, education 
e Consulting 
Eeonomics. market analysis, 
Sales (development, technical, 
h. Placement, training or employee, 
i. Management 
j. Special services, such 
k. Other unlisted fields 
27. What is your relationship to your main business? 

a. Self-employed 
b. Employee of 

1. Private firm or corporation 

2 Government, state or other 

3. Educational institution 
e. Member of Armed Forces 
d. Student . 
e. Retired 
f. Unemployed 
gz. Other ... 


drafting, ete.) 


enginee ring, 


purchasing, financial, ete 
advertising, ete.) .. 
labor or — relations 


check one only 


Please 


authority 


construction, tech. services, maintenance, equipment, Production 


please check in the 
“no answer” 


yes,” do you feel this has been of importance to 


no,” are you “Tegistered as an Engineer i in Training 


registered 


This question i is intended to classify broadly your activities 
Please check one only 


28. How many professional or technical people are employed in your ‘company or organiza 


tion? 
b 10 to 100 

29. Are you, or have you been, an Officer, Director or committee member in the National 
A.T.Ch.E, 

30. Are you, or have you been, an ‘officer or committee ‘member in your local section / 
hb. No 
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NATIONAL SURVEY 


(Continued from page 28) 


Question 7. Two things stand out in 
the reply to this question: (1) the em- 
phasis on product development and (2) 
the general economic aspects of chemical 
manutacturing, etc. 

Question 8 and ¥. Probably the first 
reply (a) to both of questions 
should have been anticipated. More re- 
turns for the same money seems to be 
the philosophy. More surprising is the 
fact that about 40 to those 
answering were willing to pay more. 

Question 10 to 13. The replies to'these 
local section questions indicate that 
much imprévement is necessary in this 
field. Apparently the sections are not 
well enough located for some people. 
Further study of these replies is in order. 

Question 14. The answer to this ques- 
tion puts a significant 
much-discussed phase of the undergrad 
uate curriculum. Apparently a 
many of the engineers are just as happy 
without having read about the exploits 
of Caesar, Virgil, and Theodora. 

Question 17 to 20. These 
sidered more intelligently when correla- 
tions and graphs become available. 

Questions 22 to 25. These present a 
definite opinion on the subject of Regis- 
tration of Professional Engineers. 

Questions 26 to 28. The numbers are 
self-explanatory in themselves but fur- 
ther correlations will bring out more in- 
information. At least half of 
the members (three fourths of those re- 
plying) are employed by private firms 
or corporations. Also more than 6,000 
respondents are employed by firms who 
employ more than 100 professional or 
technical people. 

This preliminary report is presented 
since the large return to the question- 
naires must indicate considerable inter 
est on the part of the membership. 


these 


we, ot 


viewpoint on a 


good 


can be con- 


teresting 


NEW NICKEL PLATING 
PROCESS ANNOUNCED 


A new nickel plating 
which requires no electrolytic equip- 
ment was announced last month by Wil- 
liam J. Stebler, executive vice-president 
of General American Transportation 
Corp. According to Mr. Stebler, the 
new process, which has been tradenamed 
Kanigen, greatly stretches the available 
nickel supply in the world, and may 
“well prove to be one of the most far- 
reaching industrial developments since 
World War IT.” 

The process, which utilizes a complex 
nickel chloride sodium hypophosphate 
solution, is, according to company offi- 
cials, essentially an improvement on a 
method developed at the Bureau of Stan- 

(Continued on page 59) 


process for 
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-HARD-TO-HOLD HYDROCARBONS 
Nordstrom LUBRICANT SEALS Them 


In this case, it’s one of the world’s largest butane and propane tank 
batteries that Nordstrom valves are controlling. But it might be any 
one of hundreds of volatile hard-to-hold hydrocarbons. 


Nordstrom valves don’t depend on 
metal-to-metal contact to check these light, 
tricky gases and fluids. Nordstrom valves have 
a seal of plastic lubricant around all seating 
surfaces. double protection against leaks of 
inflammable liquids or vapors. 


Be sure really sure. Use Nordstrom valves and 
genuine Rockwell lubricants. That's the 

right way that’s the tight way. 

Rockwell Manufacturing Company, 

Pittsburgh 8, Pa. 


ROCKWELL 


Nordstrom Valves 


Lubnicant-Sealed tor Positive Shut-Off 


Another Product 


pa Che iL. f 
| 
F | 


In storage service 
or manifolds, 
with so many 
valves side-by-side, 
it’s easy to compare 
one kind of valve 
with another. 


Many companies, 
storing many substances, 
have made just such a comparison and settled on 


NORDSTROM VALVES 


Since Nordstrom valves are doubly sealed with an internal film of plastic lubricant, 
they are doubly protected against the little leaks that can become big dangers. 
Nordstrom valves operate quickly, too, for it takes only a quarter turn of the plug 
to change from fully open to fully closed. 


AND ROCKWELL LUBRICANT 


. .. the same lubricant that adds to valve tightness, acts as a jack to keep the plug ready 
to turn. Just as they cut costs in nearly every service to which they’ve been applied, 
Nordstrom valves and genuine Rockwell lubricants 


CUT STORAGE COSTS 


Remember, the lowest cost valve is not necessarily the cheapest — 
it is the valve which does its job best for the longest time. 
Rockwell Manufacturing Company, Pittsburgh 8, Pa. 


Nordstrom Valves Another Quality ROCKWELL Product 
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NICKEL PLATING 
(Continued from page 56) 


dards some years ago by Dr. Brenner. 
Deposited from the solution at temper- 
atures of about 100° C., the new process 
successfully coats most metals and a 
number of organic products such as 
Bakelite, plastic, and glass. It is not 
suitable for lead, cadmium, tin or zinc, 
however, officials stated. 

One of the features of the new process 
is the uniformity of plating which pene- 
trates crevices, threads, and other hard- 
to-get-at-spots. The cost of the plating 
was given during the conference as 
varying from 50 cents to $1.00 per milli- 
meter of thickness per square foot of 
plating area. The results are about 
equivalent to dense nickel plating and 
the speed of plating is about the same, 
also. 

The process, it is claimed, will plate 
any article uniformly regardless of size 
or shape, and has proved satistactory 
for the production line plating of steel, 
copper, brass, bronze, stainless steel, and 
aluminum. 

During the conference _ officials 
stressed the fact that owing to its 
greater efficiency in giving equivalent 
protection with one-third to one-half the 
nickel required by other processes, and 
because of the nonporosity of the plate, 
important savings in critical nickel 
could be realized by the nation. 

General American originally developed 
the process for the interior coating oi 
tank cars carrying corrosive chemicals 
in an attempt to eliminate the pickup of 
iron by the chemicals from the tank-car 
metal. The fact that the new nickel 
plating process has 100% throwing 
power makes it practical to plate pieces 
of any shape or size. 


Composition of Plate 


The Kanigen plate is a nickel-nickel 
phosphide composition with about 5 to 
8% phosphorus and a Vickers hardness 
of 550-650. Adhesion, according to the 
company, is excellent; the plate is of 
uniform thickness, having no more than 
5% average variations between maxi 
mum and minimum. It was stated dur- 
ing the conference that thickness may 
at present be controlled to within one 
ten thousandth of an inch. 

The company is at present building 
two plants, one at E. Chicago, IIl., and 
one at Los Angeles, Calif. Present plans 
are to plate equipment sent in by cus- 
tomers, and eventually General Amer- 
ican intends to license the process to 
other platers. 

More information can be obtained on 
the process, technical data being avail- 
able from the General American Trans- 
portation Corp., 135 S. LaSalle St., Chi- 
cago 90, 
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NEWARK 
Metallic 
FILTER 
CLOTHS 


Enlargements 4X 


Here are five different weaves of 
Newark Metallic Filter Cloths. All different in the 
arrangement of the strands; hence different also in 
their functioning. 


Study the shape of the solids in your solution being 
filtered. That's just as important as the size, if you 
went clarity of filtrate. Then write us fully about the 
solids and we'll be glad to recommend the weave 
of the cloth that will ‘'stop’’ them. 
Many malleable metals are still available so, if nec- 
essary, we can probably supply you with a material 
that will also withstand highly corrosive conditions. 
When writing, also give solution characteristics. 
All Newark Filter Cloths are woven in our own plant, 
on our own looms, by our own skilled weavers. 

Our entire line of Filter Cloths, Wire Mesh and 

Space Cloth, Sieves, “End-Shak” Testing Units 


and other Nework Products are described fully 
in our new Catalog D. Send for o copy. 


ire Sloth 


COMPANY 
351 VERONA AVENUE » NEWARK 4, NEW JERSEY 


Philadelphia 3, Penna. San Francisce, Calif. Chicage, New Orleans, ta. Los Angeles, Calif. Heuston, Texas 
1311 Widener Bidg. 3100 19th St. 20%. Wacker Or. 520 Maritime Bidg. 1400 Se. Alameda St. P.O. Box 1870 
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CHEMICAL PUMP PROBLEMS 


The Eco All-Chem Pump is the All-Teflon and stain- 
less steel pump that handles 70 percent of cor- 
rosive chemical requirements in Lab., pilot plant 
and small volume pumping in production service. 


Simplify selection; standardize on fewer types, 
models, sizes; minimize maintenance problems. 


READ THE SPECS . . . SPECIFY AND TRY 


® Type Pump: Positive displacement with two opposed 
axially oscillating impellers equivalent to duplex piston 
operatioa. 

@ Volume: Yz,t 10 g.p.m. maximum at 1750 RPM 
(water). 

@ Pressures: tw 70 psi. 

@ Suction Lift: Highest over widest temperature and vis- 
cosity range. 

@ Corrosion Resistance: Lowest corrosion rate due to in- 
ternal flow pattern. Handles all chemicals that stainless 
steel No. 316 will handle. 

© Pump Operating Characteristics: Linear delivery. No 
air entrainment. Non-foaming. Unequalled for safety in 
handling hazardous liquids such as nitric acid and hydro- 
gen peroxide. Self-priming on non-volatile liquids. 

@ Drive: Applicable to direct motor drive at 1750 RPM, 
as well as to all other standard driving methods. 


ENGINEERING COMPANY 
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‘LOCAL SECTION 


This editor wishes to thank W. M 
Otto of the Akron Section for his 
account of the February and March 
meetings. At the former meeting 
J. Y. Oldshue, Mixing Equipment Co., 
talked on “Mixing: Art or Science?” 
His talk was illustrated with slides and 
motion pictures showing gas-liquid con 
tacting through the eyes of the Eastman 
high-speed camera. About 100 members 
and guests attended and participated in 
an active discussion period. At the 
March 12 meeting, Byron Ellis, Mid 
west representative of the National 
Research talked on “Vacuum 
Engineering and Its General Applica- 
tions.”” Some of the more novel applica 
tions of high vacuum in industry, such 
as concentration of frozen fruit juices. 
metallizing of plastics and papers, and 
atomic energy applications were covered. 
A coffee talk was presented by H. N. 
Haberstroh, Jr., sales engineer, Johns- 
Manville Products Corp., Celite division. 


Corp., 


Officers of the New Orleans Section for 1953 
are as follows: Henri J. Molaison, chairman, 
Francis M. Taylor, vice-chairman, and Hugh W. 
Black, Other 
committeemen: Raymond V. Bailey, John R. 


secretary-treasurer. executive 
Tusson, Kenneth M. Docossas, and Leon God- 
chaux. This information along with a report on 
the Feb. 3 meeting came from Alton S. Holl, 
chairman, publicity committee. At that meeting 
J. W. Bertetti, general manager of manufactur- 
ing, Pan-Am Southern Corp. stated that fluid 
hydroforming is a cheaper, better means of 
upgrading low octane gasoline. 


The seventh meeting of the Philadel- 
phia-Wilmington Section of A.I.Ch.E. 
featured a talk titled “Solvent Extrac 
tion” by Joseph C. Elgin, professor ot 
chemical engineering, Princeton Univer- 
sity. About 110 members and guests 
were present. At the previous meeting 
held Feb. 10, at the Rodney Hotel, Wil- 
mington, Del., Richard Gorman of Car- 
bide and Carbon Chemicals Co., talked 
on coal hydrogenation. Approximately 
140 members and guests heard the sub- 
ject covered from the standpoint of 
process description and the possible eco- 
nomic significance to the United States. 
Another interesting piece of news con- 
cerning this Section is the announcement 


of the one-day meeting. See page 31. 


At the last meeting of the El Dorado Section 
held at the Lion Oil Chemical plant cafeteria, 
forty-three members and guests were present. In 
connection with Engineers’ Week, R. J. Rhinehart, 
Arkansas Power and Light Co., spoke on “Reg- 
istration for Engineers.” Referring to the pride 
of the prof , Rhinehart outlined the history 
of engineering and the engineers’ contributions 


(Continued on page 62) 
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Closeup of a special Dorr Tray Thickener 
with rubber covered mechanism and ser- 
rated rake blades. Lead covered steel, wood 
and stainless steel units have also been 
fabricated. 


A special 300 ft. dia. Dorr Thickener 
equipped with picket arms and a flocculat- 
ing feedwell installed in a 750 ft. dia. 
earthen basin clarifies 15,000 gpm of phos- 
phate rock tailings. 


Dorr Thickeners are covered with concrete 
domes to minimize ammonia loas in a nickel 
leaching plant. Covered Dorr Thickeners 
are also used in the pigments industry where 
size precludes indoor installation. 


One of the largest water recovery plants in 
the east uses three 250 ft. dia. Dorr Torg* 
Thickeners installed in a single earthen 
basin. Almost 5 acres of surface area is 
provided with a capacity of 144 million 
gallons per day 


we 4 


Many thickening problems in the process Dorr... the oldest manufacturer of sedi- 
industries can’t be solved by standard mentation equipment... with the newest 
methods. It’s here that Dorr’s ability to ideas. Write for your copy of Bulletin 
provide a special unit, tailor-made for No. 3001 “Dorr Thickeners for chemical, 
the special job, pays dividends. Here are _ metallurgical and industrial processing.” 
four recent examples. If your problem The Dorr Company, Engineers, 

requires a fresh approach, why not check Stamford, Connecticut. 


Rey Pot. Off 


“Bitter tools TODAY to tomorrows demand 


WORLD -WIDE RESEARCH ENGINEERING EQUIPMENT 
THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 


Offices, Associated Companies or Representatives in principal cities of the world. 
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LOCAL SECTION NEWS 
(Continued from page 60) 


AIR LIFT DRIER 


no burning! no smoke! no odors! 


AIR LIFT DRIER offers a new and 
revolutionary method capable of 
great flexibility to cover load and 
material variations. Wider adapta- 
bility is possible when unit is de- 
signed for a specific product. 

An increased yield of product is 
attained with the air suspension unit 
—actual tests with identical material 
showing 8% to 10% recovery in 
excess of that from direct fire, high 
temperature methods. 

Made in 5 stock sizes: 22—5—10— 
15—20 tons per hour, wet basis. Nathan Gilbert, chairman of this Sec- 
ONE MOTOR—ONE MOVING PART. On request will advise you of nearest tion, reports on the enthusiasm of the 
AIR LIFT DRIER design permits adapt- P & L equipment installation and arrange | members to make this & suceseeiel and 
ability to meet existing space re- for your inspection. active year. 
quirements. 


to human betterment. Edward A. White, pub- 
| licity chairman of the Section, reports that the 
| engineer's duties as a citizen were emphasized 
and a canon of ethics was discussed. The 


speaker urged that all engineers present seek 
| registration as o means of advancing their pro- 
fession and themselves. 


The Tennessee Valley Section met 
jointly with the North Alabama Section 
of the A.C.S. on Feb. 23 at the Decatur 
High School, Decatur, at which Francis 
J. Curtis, President of A.I.Ch.E. (1949) 

and vice-president and director of Mon 
| santo Chemical Co., gave an 


address 
titled “Human Engineering in Science,” 
and discussed management development. 


At The Ohio State University Faculty Club, 
the Central Ohio Section gathered for a dinner 
~ ~ meeting on March 10 to hear John Calbeck, 
welding & machine works, inc. director of research, pigment division, American 

516 EAST LA PALMA ST. © ANAHEIM, CALIFORNIA Zine Oxide Co., discuss the manufacture and use 

of industrial zinc oxide. G. F. Sachsel, publicity 

New York, Seattle, Baltimore, San Franciso chairman of the Section, reports that the pub- 
Export: Wilbur Ellis Company, San Francisco 


licity committee of the section participated in 
DESIGNERS AND MANUFACTURERS OF DEHYDRATING EQUIPMENT 


Wherever used declared “The Best in the Business” 


National Engineers Week with a window display 
Peet noueesit in a downtown location, highlighting the con- 
tributions of chemical engineers to the public 


Write PSC About | welfare and standard of living. 


| “Chemical Development and Engi- 
; PROCESS neering Materials” was the title of an 

. . address given by H. L. Maxwell, presi- 
PIPING dent wed American Society for Test 
ing Materials, before the joint meeting 
0) on March 27, of the South Texas Sec 

bas tion of A.1.Ch.E. and the southwestern 
district of American Society for Testing 
Materials, now being organized. One 


| feature of the meeting was a visit to the 

| modern manufacturing facilities of the 

AEA A pe | Cook Paint and Varnish Co. This was 

sal followed by a social hour and dinner in 

the Orchid Room of the Alabama Cater- 

wee ae ing Service, Houston. N. H. McKay, 


: ial who reports regularly to us, states that 

there was plenty of barbecue or fish. 
The next meeting of the South Texas 
Section is planned for April 24 -at 


Fabricated from Complete Range of Alloys, Oberholtzer Hall on the campus of the 
University of Houston. Hugh Bernard, 
. 
Any Diameter Up to 60 ’ and in Any Shape vice-president of the Second National 
Bank of Houston, speaking ler tl 
PSC welded process tubing is furnished Any diameter up to 60”; wall thicknesses a 
in any alloy whatsoever. This feature ac- to 3/8"; temperatures to 2200°. Pre- Suepces of the Bette J —— ureau, 
counts for its wide application in meeting cision fabrication of tubing assemblies will present a talk titled “Frauds and 
the unlimited variety of heat, corrosion, is a specialty. Send b/p Fakers.” 
idation conditi in process plants. . or write as to your needs. | 


THE PRESSED STEEL CO., 708 WN. Penna. Ave., Wilkes-Barre, Pa. 


The triumvirate of West, Morrissey and Black 
has sent in a report on the sixth monthly meet- 
ing of the Pittsburgh Section which was held 
| in the Mellon Institute Auditorium on March 11, 
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You can’t beat 


TAYLOR 
COMPARATORS 
for ACCURACY 


Liquid color standards are 
unconditionally guaran- 
teed against fading. 


for SPEED 


Simple 3 step method re- 
quires less than one minute 
to make reading 


for PHOSPHATE, 
pH, CHLORINE 
DETERMINATIONS 


Compact, easy to use, 
no fragile standards to 
hondie. Many slides can 
be used on some base. 


SEE YOUR DEALER...OR WRITE DIRECT 
FOR COMPLETE INFORMATION ABOUT 
THESE WIDELY USED COMPARATORS 


GET THIS F 
“TELL-ALL> REE 


W. A. TAYLOR 


412 RODGERS FORGE RD + BALTIMORE 4 MD 


| Night. 


| plant. 


| of the Section at the Dow Auditorium. 


1953. This was set aside as Annual Student 
Students from West Virginia University, 
Grove City College, Carnegie Institute of Tech- 
nology and the University of Pittsburgh were 
welcomed after which H. L. Barnebey, a guest 
speaker, outlined the steps involved in starting 
@ new chemical enterprise in “How Chemical 
Plants are Born.” In the building of a plant 
to make a new product, he referred to the 
various stages a process goes through. For in- 
stance, he said there is the laboratory research 
or idea stage; the product evaluation stage in 


| which cost and market analyses are made; the 
| process study stage; the preliminary engineering 


stage during which a preliminary design and cost 


| estimate are made; and last o pilot plant study 


culminating in the building of the commercial 
At the social hour the students had on 
opportunity to talk individually with members 


of the panel who are employed by various com- 


panies and in different phases of chemical engi- 


neering work. 


EE. A. Lawrence of Colgate-Palmolive 
Peet is going to address the New York 
Section on April 22 on the subject titled 
“Chemical Engineering from Soap to 
Salad.” 

Bernard H. Rosen, publicity chair- 
man, states that Dr. Lawrence will dis- 
cuss the technology of edible and in- 
edible fats and oils. 


Rail on Seventh Avenue, New York. 


At the meeting on Feb. 17, Elwood | 


Moffett, assistant to the chairman of the 
organizing committee of District 50, 
United Mine Workers of America, was 


the speaker who gave his own views on | 
| certain controversial subjects such as the 
| Taft-Hartley Act. 


Truman 8. Bishop, chairman, publicity com- 
mittee, Midland Section, has sent in the names 
of the officers for 1953. They ore: J. W. Corey, 
K. E. Coulter, J. H. 
Wardwell, secretary-treasurer; E. G. Sprague, 
R. E. Withrow, Jr., and N. Poffenberger mem- 
bers, executive committee. Mr. Poffenberger is 
At the Feb. 27 meeting, 
Donald L. Katz, chairman, department of chem- 


chairman: vice-chairman; 


the retiring chairman. 


ical and metallurgical engineering, University of 
Michigan, oddressed eighty members ond guests 

In “Can 
Handbook 


Chemical Engineering Avoid the 


| Stage?” he traced the growth of chemical engi- 


neering education and discussed the problems 
that have come with this growth. At the previous 


| meeting, Walter Coopey, consulting engineer, 
| talked to about ninety members and guests on 


the fundamentals of pump packing. Preceding 
the talk a film was shown titled “How to Build 


| @ Tire’ by the Firestone Rubber Co. Note: We 


were in error in stating in the March issue, page 
58, thot this Section was “conspicuously silent.” 


| The reference was to ‘No News” of its activities 


for the January and February, 1953, departments 
of local section now covered. As a matter of 
foct the Midland Section sent in many and in- 
1952 and judging by 
present indications will likely continue. 


teresting accounts in 
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The meeting will | 
| take place at high noon at the Brass 


SOMETHING NEW IN 
FRACTIONATION 


MuLTI-PATH 
TRAY PACKING 


Combines characteristics of bubble trays 


and conventional packings to give 


e An efficient bubbling contact be- 
tween vapor and liquid every 4 to 
6 inches of packing height 


Even liquid and vapor distribution 
over a wide range of loadings 
without channeling 


A free draining, structurally strong 
assembly 


THE RESULTS 

e Greatly increased throughput ca- 
pacity 

e Low Height Equivalent to a Theo- 
retical Plate 


e Low dynamic liquid holdup 


Multi-Path tray packing has a wide range 
of applications for vapor-liquid contacting 
problems. It is install in new 
equipment or as a replacement in existing 
vessels where need greatly increased 
capacity and high contacting efficiency. In 
contrast to random packings the efficiency 
is substantially independent of the di 
ameter for colums 12” and larger. 


to 


you 


In installations now in service replace 


ment of former packings and trays with 
Multi-Path trav packing has multiplied 
column capacity two to four times, 


Available in earbon steel, types 302, 304, 
316 and 430 stainless steel, Monel, copper, 
Inconel, nickel, and aluminum, 


Literature on Request 
FRACTIONATING TOWERS, INC. 


211 West 12th Street 
New York 11, New York 


CHelsea 3-096! 


| 
| 
| 
4 Ay AND 
| 
= 20; | 
Telis Value of PH, thloring 
other SOntrols in 34 
differens fleids of industry, 

Use it °S 2 reference book! 

Containg 96 pages of valuable 

information Mustrates and de. 

“Tribes Taylor Equipment — | 
| 
| 
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CLEAN 


SEPARATION 


between vapor 
and liquid 


when 2 


YORKMESH 
Demisters 


are installed in: 


VACUUM TOWERS 
DISTILLATION EQUIPMENT 
GAS ABSORBERS 
SCRUBBERS 

SEPARATORS 
EVAPORATORS 
KNOCK-OUT DRUMS, ETC. 


YORKMESH Demisters (entrainment sepa- 
rators—mist eliminators) have proved to be 
the answer to higher production and im- 
proved products when installed in new or 
existing equipment. 


YORKMESH Demisters (made of finely 
woven wire) remove substantially all liquid 
entrainment even at increased vapor veloci- 
ties. The net result: More production with 
higher quolity. 


How YORKMESH Demisters work: 


1. Vapor disengaging from liquid 
creates fine liquid droplets. 


2. The liquid droplets impinge 
and coalesce into large drops 
ond off. 


3. The vapor is now dry, entirely 
freed from entrained liquid. 


Materiols: Types 430, 304, 316 Stainless Steel, Monel, Carbon 
Steel, etc. Prompt shipment. 


Write for new Catalog 13 for 
complete information and 
engineering data. 


OTTO H. YORK 


Co., Inc. 


73 Glenwood Place, E. Orang 
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It is heartening to report that the 
membership of the Central Pennsylvania 
Chemical Engineers’ Club has increased 
to fifty engineers in that area since the 
first annual meeting in December, 1952. 
At the March 18 meeting, H. Vogt 
and E. K. Lofberg of the Corning Glass 
Co. discussed the properties of glass. At 
the meeting Feb. 18, Harold 
Heine of Bucknell University addressed 
the group on “The Biochemistry of 
Lockjaw.” Lester Berkowitz writes 
that plans are in the making for offering 
a program of technical courses of inter 
est to the members. The officers of this 


on 


club whose names have not been listed 


| here are: W. E. Keppler, Merck & Co.. 


| neering Society headquarters, 


R. Slonaker, Bucknell 
University, vice-chairman; L. Berko- 
witz, Merck, secretary; L. L. Williams, 
Merck, treasurer; and J. Balog, J. Lago 
and J. Plonko, Merck, committee chair 
men, 


Inc., chairman; 


Fifty were present at dinner at the Engineers 
Club, Baltimore, Md., on Feb. 17 and approxi- 
mately seventy heard Charles M. Cooper, Du 
Pont Co., give a talk under the title ‘Tools 
versus Information.”” This meeting was a success- 
ful one with senior chemical engineering students 
from the University of Maryland guests at the 
dinner and meeting. Calvin Palmer, secretary- 
treasurer, Maryland Section, reports that at the 
March 17 meeting senior chemical engineering 
students of Johns-Hopkins University were guests 
under a similar arrangement and heard Sidney 
D. Kirkpatrick, the principal speaker. 


Nelson Morley, reporter of the Ohio 
Valley Section, tells us that at the Feb- 
ruary meeting at the Cincinnati Engi- 
A. G 


Brown reported on the progress of the 


| plans for the Symposium which will be 


held in Cincinnati. The speaker for the 
evening was Richard D. Boutros, chief 


enyineer, Mixing Equipment Co., who 


| the Water Department viewpoint. 


discussed mechanical design and opera- 
tion of fluid mixers. 


“Fluorination of Tulsa City Water’ was the 
subject of a symposium given before the Tulsa 
Section on Feb. 18 at the Alvin Hotel. The 
speakers were (1) Max G. Armstrong, D.D.S., 
who reviewed the history of fluorination and 
presented the dental aspects of this subject; (2) 
Wayne €£. White, fluorine research director, 
Ozark-Mahoning Co., who covered the chemistry 


_ of fluorination, and (3) Curtis Moutrey, superin- 


tendent of plants, Tulsa City Water Department, 


who talked about fluorination of water from 


Roy J. Stan- 
cliff, Jr., reporting the event, added that the 
speakers sot as a panel to answer questions. 


The problems and advantages of out- 
door chemical plants was the subject 
of the talk presented by W. H. Williams 
of the Dow Chemical Co. at the Febru- 
ary meeting of the Chicago Section. 
A. M. Holszberg, technical representa- 
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tive, reports that Mr. Williams drew 
upon Dow’s experience to bring to his 
hearers the main points to be considered 
in outdoor plant construction. 


The seventh meeting of the Northeastern New 
York Section included a tour of the General 
Aniline Works in Troy, N. Y. The group of 
forty-five addressed by 
Joseph W. Conlon, production manager, who 
described the operations of the General Aniline 
Works and gave a brief history of the company. 
Harry H. Steinhauser, Jr., informs us that men 
from General Aniline acted as guides. 


approximately was 


At the February meeting of the 
Northern California Section, held at the 
Engineers’ Club in San Francisco, an 
unusually large attendance gathered to 
hear a talk by Mott Souders, Jr. 
The speaker, an associate director of the 
Shell Development Co., discussed the 
comparative positions of chemical com- 
panies and petroleum companies as in- 
vestments. From an analysis of the past 
records of a number of representative 
companies of each group, D. F. Rynning 
reperts, the speaker was able to show 
the basic the financial 
character of the two industries. He then 
pointed out the significance of these 
characteristics to those investing in such 
industries either directly or through the 
stock market. 


differences in 


The February 24, 1953, meeting of the 
Charleston Section wos beld at the Charleston 
Recreation Center with 142 members and guests 
present to hear L. V. Sherwood, manager of 
the Agricultural Chemicals Section of Monsanto 
organic chemicals division, development depart 
ment, talk on “Soil Conditioners.” He reviewed 
the historical background which has led to the 
development of soil cond'tioners and emphasized 
that soil conditioners do not automatically create 
soil structure but rather merely bond the soil 
in the physical state in which it exists at the 
Sherwood 
concluded his talk with a 20-min. motion picture 


time the conditoner is added. Dr. 


in color showing the application of soil condi- 
tioners. The film demonstrated the ability of soil 
conditioners to increase ability of soils to absorb 
and hold moisture. A. G. Draeger, secretary of 
the Section, is responsible for our knowing about 
this instructive talk. 


At a recent meeting of the Enlisted 
Specialists Chemical Engineering Club, 
Army Chemical Center, Md., L. F. 
Audrieth, professor of chemistry, Uni- 
versity of Illinois, gave a lecture on 
hydrazine, a_ speciality fuel which 
could be considered for rocket propul 
sion. Dr. Audrieth who is visiting the 
Army Chemical Center as a consultant, 
is responsible for much research 
hydrazine dehydration. 


on 


—H.R.G. 
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PEOPLE 


Waldo B. Burnett has been appointed 
technical director of United Carbon 
Co., Inc., 
ton, W. 
Burnett 
resigned 
tor of the Univer- 
sity of Wichita 
Foundation for In- 
dustrial Research, 
which done 
considerable re 
search work for 
United Carbon 
during the past few years. Before estab- 
lishing headquarters in Charleston, he 
will spend several months studying pro 
duction problems in the various plants. 
United Carbon is a producer of carbon 
black for the rubber, ink and other in- 
dustries. 


Va. Dr. 
recently 


The appointment of Edward H. 
Sundbeck to duties in the research and 
development department of The Chem 
strand Corp., Decatur, Ala., was re- 
cently announced. He is a group leader 
of the general process section, and has 
been engaged on special assignments 
with Chemstrand at the pilot plant at 
Marcus Hook, Pa., and at Wilmington, 
Del. He was a research chemical engi- 
neer with Du Pont Co. for ten years 
and with the Dorr Co., Westport, Conn., 
for eight years. Mr. Sundbeck received 
a B.S. degree in chemical engineermg 
from New York University. 


The appointment of Frederic A. 
Soderberg as vice-president of F. C. 


Huyck & Sons in charge of sales for | 


the paper-maker felts and mechanical 
fabrics division has recently been an- 
nounced. Prior to his new position, he 
served as manager of the Industrial 
division of the General Dyestuff Corp. 
His professional career began at the 
Rumford, Me., plant of the Interna- 


tional Paper Co. by working as a broke | 
beater engineer, and develop- | 
is a graduate of 


handler, 
ment engineer. He 
the University of Maine and received 
his degree of professional chemical en- 
gineer from the same institutien. 


John Procopi has recently joined the 
Milton Roy organization as manager, 
market development department. He 
was formerly with Brown Instruments 
Division Minneapolis - Honeywell 
Regulator Co. Mr. Procopi is a grad- 
uate of Columbia University. 


of 


Frank Lerman is now serving as a 
research chemical engineer with the 
Illinois Institute ef Technology, Chi 
cago, Ill. He is the author of the Liquid- 
Solid Extraction section in Encyclopedia 
of Chemical Engineering Technology. 
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SINCE 


DEAD-WEIGHT GAGES 


Deserided in Catalog ——— 


AMINCO 
SUPERPRESSURE 
PRODUCTS 
REACTION VESSELS 
VALVES * FITTINGS 
TUBING * PUMPS 
COMPRESSORS 
INSTRUMENTS 


PILOT PLANTS 


1919 


industrial 


i there is a 


During a half century of 
designing filter presses for 
America’ 
companies, Sperry has — 
nearly every known ty 


Sperry Filter Presses are flex- 
ible in size and design . . 


PUMPS 


OFFERS THESE 
IMPORTANT ADVANTAGES 


. All liquid in the cylinder is disploced at every stroke. 


Variable delivery—stroke readily adjustable while pump 
is running. Locking nut maintains stroke adjustment. 


Stroke adjustment indicating scale is stationary and 
legible while pump is running. 


Stainless steel piston and cylinder assemblies for 7500, 
15,000, and 30,000 psi working pressures are inter- 
changeable in the same pump frame. Simplex and 
duplex styles. 


Piston reciprocated by positive mechanical linkage to 
crank arm—does not rely on return spring. 


Check valves removed easily for cleaning or replace- 
ment. 


WRITE FOR BULLETIN 4061-€ 


AMERICAN INSTRUMENT CO.,INC. 
Silver Spring, Maryland » In Metropolitan Washington, D. C. 


HAS THE ANSWERS 


—Whatever Your Filtration 
Problems May Be... 


filter bases . . . and a choice 
of six different closing de- 


s manufacturing vices. 


Send for the Sperry Filter 
Press catalog and you'll see 
why Sperry can solve your 
filtration problems efficient- 
ly and economically. 


-D. R. SPERRY & CO. 


BATAVIA, ILLINOIS 


FILTRATION ENGINEERS FOR MORE 
- THAN 60 YEARS 


Eastern Sales Representative: 
GEORGE S. TARBOX 
808 Nepperhon Avenue, 
Yonkers 3, N. Y. Yonkers 5-8400 


Western Sales Representative: 
8. M. PILHASHY 
833 Merchants Exchange Bidg. 
San Francisco 4, California 
DO 2-0375 


filtration 


complete range of 
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costs? 


for Those “Tough-to-Handle” Fluids 


Are your process fluids corrosive, abrasive, thick, 
heavy, viscous or otherwise difficult to handle? 
Do they clog, build up on or quickly destroy the 
pump’s working parts and increase operating 


If so—then let the Shriver Diaphragm Pump 
prove how it can really “take it”—no matter how 
difficult the material—save in over-all mainte- 
nance cost and in prolonged pump service life. 


Write for Bulletin 137. 


T. SHRIVER & COMPANY, Inc., 812 Hamilton Street, Harrison, N. J. 


for Large 


f 


Because of their positive effective- 
ness in temperature control work, 
Nicholson expansion steam traps, 
at about $35 each, are being in- 
stalled by a leading processor in 
place of tem- 
perature con- 
trols. These 
were costing 


Nicholson Expansion Steam Traps 


SAVE PER UNIT 


Processor 


ing shown. Easily installed, usually 
without supports. Lengths, 9” to 40”. 
Pressure 0 to 250 Ibs. No air binding. 


CATALOG 751 


them $110 to 
$200, with cost 
of trap added. 
Per installation, 
the saving is about $155. 


This firm is finding an increasing 
number of applications on tanks, 
stills, heating radiators, etc., where 
Nicholson expansion steam traps 
are serving as both trap and tem- 
perature controller. 


Because there is only one moving 
part, remarkably low costs are be- 


For All Equipment Using Steam or Hot Water 


Agitators Retorts 
Crystallizers Steam Stills 
Dryers Sterilizers 
Evaporators Storage Tanks 
Heat Exchangers Tracer Lines 
Kettles Washers 

Pipe Coils Water Stills 


214 Oregon St., Wilkes-Barre, Pa. 


NICHOLSON 


TRAPS -VALVES FLOATS 


Chemical Engineering 


Progress 


N. Cheremisinofft 


from the research department of Swan- 


Paul resigned 
Finch Oil Corp., 
Hackensack, N. J. 
on Feb. 20 to join 
the Crown Chemi- 
cal Co.’s division 
of Joseph Turner 
& Co., in Ridge- 
field, N. J., as a 
technical director. 
In this capacity he 
will be in charge 
of all manufactur- 
| ing and development work in the or- 
ganization with the exception of the 
dyestuff division. A former employer 
of Mr. Cheremisinoff was M. W. Par- 
sons-Plymouth, Inc., Brooklyn, N. Y. 
He received his Ch.E. degree from Pratt 
Institute. 


John H. McCormick, technical 
representative, is now in charge of 
the new district sales office, textile fibers 
department of Carbide and Carbon 
Chemicals Co., Charlotte, N. C. Mr. 
McCormick, who spent three years as 
an officer in the U. S. Air Force dur- 
ing World War II, was graduated from 
the University of West Virginia with 


| a B.S. degree in chemical engineering 


in 1947. He received his M.S. degree 
in 1948 and joined Carbide and Carbon 
Chemicals immediately, where he has 
since been associated with the develop 
ment of Dynel. 


Robert H. Stevens, retired technical 
director, National Container Corp., 
Jacksonville, Fla., has joined the staff 
of the Herty Foundation Laboratory, 
Savannah, Ga., as research associate. 
Spending thirty-five years in the pulp 
and paper industry, Mr. Stevens has 
been associated with many companies 
including the Halifax Paper Corp., 
Roanoke Rapids, N. C.; Albemarle Pa- 
per Manutacturing Co., Richmond, Va. ; 
American Dyewood Co., Mobile, Ala. ; 
Bogalusa Paper Co. (now Gaylord Con- 
tainer Corp.) and Sorg Paper Co. 


Earl D. Oliver and Edwin T. Wil- 
liams have recently joined the staff of 
Shell Development Co., Emeryville, 
Calif. Oliver received his B.S. and M.S. 
degrees in chemical engineering at the 
University of Washington. Before join- 
ing the staff of Shell, Williams was an 
instructor in chemical engineering at 
Penn State. 


James C. Barnett, a research group 
leader at Monsanto Chemical Co., Mon- 


| santo, Tenn., will head a research group 


on process and product development at 
Dayton, Ohio. Barnett received his B.S. 
degree from Alabama Polytechnic Insti- 
tute and joined the phosphate division, 
research department at Anniston, Ala., 
shortly after receiving his degree. 
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TEST - STUDY - CONTROL 


VISCOSITY 


As Simply, Quickly, 
Easily as Taking 
Temperature Readings 


eld 


‘ 
VISCOMETER 


Adaptable to any prob. 


/ lem from less than one 
to 32,000,000 centipois- 
es. Send for free itlus- 


trated catalog. 


SYNCHRO-LECTRIC 


Just a flick of a switch, then 
read the Brookfield dial, and you 
have your viscosity determination 
in centipoises. The whole opera- 
tion, including cleaning up, takes 
only a minute or two. 

Available in a variety of models 
suitable for extremely accurate 
work with both Newtonian and 
non-Newtonian materials, Brook- 
field Viscometers are portable and 
plug in any A.C. outlet. Write 
today. 

Address: Dept. H, Stoughton, Mass. 


12 
COMPLETE 
ISSUES 


for 
$975 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mar magazines. 

Available for all years, with Chemical 
Engineering Progress, volume number 
and year stamped in gold on the back- 
bone. Delivery 4 to 6 weeks. 

Enclose check er money order. 
Use coupon below for order 


CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St. 
New York 17, N. Y. 


Gentlemen: | enclose $ 
@ $2.75 each, 


years: 


4/53 


binder(s), 
the following 


for .. 
for each of 


Name 
Address .. 
City. . 


State... 
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J. M. AVERY JOINS ETHYL 


Julian M. Avery, who has been a | 


consultant to Ethyl Corp. for the past 
two years, has joined the Ethyl staff 
as a technical adviser. He will work 
primarily with the company’s planning 
group on product development and 
research programs, and will be in charge 
of technical contacts in foreign coun- 
tries. 

After receiving his degree in elec- 
trochemical Massa- 


engineering from 


chusetts Institute of Technology in 1918, | 


Mr. Avery served for a vear with the 
Chemical Warfare Service. He joined 
Union Carbide and Carbon Corp. in 
1919, spending a large portion of the 
next seventeen years in Europe. For 
the next five years he was associated 
with A. D. Little, Inc., as an engineer 
ing consultant and New York repre 
sentative. In 1941 he joined Diamond 
Alkali Co., and served as vice-president 
and director of research and develop- 
ment until 1946. He then returned to 
New York to establish a private con 
sulting practice and at that time he be- 
came a director of Chemical Fund, Inc. 


Edwin M. Haun has been named a 
project supervisor in Monsanto Chemi 
cal Co.’s_ recently 
division, 


organized overseas 


He will assist in the creation 


and operation of a project system for | 


handling development projects of that 
division in cooperation with the other 
divisions and the general development 
and patent department. After graduat 
ing from the University of Illinois, he 
joined Monsanto as a chem 
ist at the phosphate division’s Anniston, 
Ala., plant. In 1943 he became produc 
tion supervisor there and in 1945 he 
joined the company’s general develop 
ment department at St. Louis 
been a member of the phosphate divi 
sion’s development department 
1950. 


research 


since 


Donald J. Miller was recently ap- 
pointed manager of Monsanto Chemical 
Co.’s new plant at Avon, Calif. Frank S. 
Bonham will succeed Miller as man- 
ager of the company’s Long Beach plant. 
Mr. Miller was graduated from Wash- 
ington University in 1941 with a chemi- 
cal engineering degree and joined Mon 
santo in that year at its Springfield, 
Mass., plastics division plant. During 
World War II he served with the United 
States Navy and after the war returned 
to Springfield as a laboratory super- 
visor. 


J. R. Phillips is now assistant gen 
eral operation 
Chemical 


manager 
Corp., Yazoo City, Miss, 
Prior to that he was employed by the 
Girdler Corp. in the gas processes divi- 
sion as chief operating engineer. 
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YORK, PENNSYLVANIA — 240 Arch St 


investigate the 
AUTOMATIC BACKWASH 
RAPID SAND FILTER 


Here is a sand filter which cleans 
itself—automatieally —with no in 
terruption whatever to the filtering 
operation. No shut-down or change 
over is necessary while cleaning is 
In progress. 

The seeret hes in its special, com 
partmented filter bed and traveling 
backwash which auto 
matically cleans one compartment 
ata time. 


mechanism 


May be used for plant supply water 
or tor waste water treating. Write 
for Bulletin 46-A-40. 


HARDINGE 


COMPANY, incoaroeateo 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 


of all Molybdenum 


compounds, including 


Molybdenum Orange, 


Molybdenum Vermilion, 


and Molybdated pigment 


colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 


tion of Molybdenum. 
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500 Fifth Avenue. 


Climax 
Molybdenum 


Company 
NewYork City 


The post of director of research in 
the plant food division of Swift & Co., 
Chicago, has 
been given to 
M. D. Sanders, a 
veteran of twenty- 
seven years with 
Swift excepting 
three years in serv- 
ice during World 
War II. Joining 
Swift in 1925 as a 
chemist, Mr. Sand- 
ers became assis- 
tant to late Doctor Siems in the 
Chicago plant food laboratory two years 
later, then manager of the Harvey, La., 
laboratory in 1932. Sanders returned to 
Chicago in 1935 as head of the chemical 
engineering division research laboratory 
and remained until he entered the Air 
Force in 1942. Since 1945 he has served 
in his prewar post with the Chicago 
research laboratory. 


the 


W. E. Kennel, formerly group lead- 
er, has been made section leader in the 
chemical products division at Standard 
Oil Co.’s Whiting, Ind., research labo 
V. J. O’Brien, Jr., was ap- 
pointed group leader in the same divi- 
sion. Dr. Kennel joined Standard in 
1948 as a chemical engineer, and was 
advanced to group leader in 1952. He 
is a graduate of the University of IIli- 
nois, and received a master’s and doc- 
tor’s degree from Massachusetts Insti- 
tute of Technology. Dr. O’Brien, asso 
ciated with the company since 1950 as a 
chemical engineer, is a graduate of the 
University of Illinois, and holds a mas- 
ter’s and doctor's degree from Penn 
sylvania State College. 


Formerly of the U. S. Bureau of 
Mines, Albany, Ore., L. J. Groce has 
accepted a position as chemical engineer 
with Metal Hydrides, Inc., Beverly, 
Mass. In this capacity he will be 
concerned with the development of new 
processes and products. Mr. Groce is 
a graduate of the University of Wash- 
ington, and has been intimately con- 
nected with the production of zirconium. 


ratories 


— 


John H. Wishnick, manager of the 
Chicago plant of Witco Chemical Co., 
New York, has been placed in charge 
of chemical manufacturing at the Chi- 
cago and Brooklyn plants. He went to 
Witco as a petroleum engineer for the 
Continental Carbon Co. after graduat- 
ing from the University of Oklahoma 
in 1948. 


The transfer of Robert G. Powell 
to Monsanto’s new sulfuric acid and 
phenol plant at Avon, Calif., and the 
promotion of Charles T. Murray as 
supervisor of the vinyl chloride pro- 
duction at Texas City were recently 
announced. Mr. Powell has been with 
Monsanto in Texas City for the past 
seven years, serving as area supervisor 
of the alkylation and more recently, as 
supervisor of vinyl chloride production. 
Prior to going to Monsanto in 1946, 
Mr. Powell served with the U. S. Army 
Chemical Warfare Service 

Mr. Murray Monsanto at 
Springfield, Mass., in 1947 in process 
investigation, and in 1951 was trans- 
ferred to Texas City to become operat 
ing supervisor in the production de- 
partment. He assistant to Mr 
Powell in the vinyl chloride production 
department. Mr. Murray received his 
B.S. degree from Georgia Tech, and 
studied chemical engineering in the 
graduate school at the Massachusetts 
Institute of Technology. 


joined 


Was 


John T. Stephan is now associate 
director of research for Monsanto 
Chemical Co.’s Western division, Seattle, 
Wash., effective April 1. He received 
his B.S. and M.S. degrees in chemistry 
from Washington University. In 1935 
he was employed by the I. F. Laucks 
Co., later acquired by Monsanto. 


Charles Harford of Arthur D. Little. 
Inc. is now traveling in Egypt to com- 
plete a housing project for the Gevern- 
ment of Egypt. The program is part 
of the United States Point Four Plan 
to help underdeveloped countries by 
giving them scientific and technological 


aid. 


HYDROSTATIC 
GAUGES 


FOR ALL PURPOSES 


TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


PRESSURE VACUUM DRAFT 
DEPTH & ABSOLUTE PRESSURE 
BAROMETRIC PRESSURE 
DIFFERENTIAL PRESSURE 


SEND FOR BULLETINS 
487 GETTY AVE., 


UEHLING INSTRUMENT CO. 
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PATERSON, N. 
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Bernet S. Swanson, assistant pro- 
essor of chemical engineering at Illi- 
nois Institute of Technology, has been 
appointed executive officer of the depart- 
ment. Dr. Swanson replaces Dr. J 
Henry Rushton as head of the depart- 
ment. Dr. Rushton requested that he 
be relieved of his administrative duties 
so that he might devote more time to | 
research, writing and consultation work. | 
He will continue as professor of chemi 
cal engineering. Educated at Illinois, | 
Dr. Swanson received his B.S. in 1942, 
his M.S. in 1944, and his Ph.D. in | 
1950. He taught chemical engineering | 
in Kansas State College in 1947-48 | 
after teaching at Illinois Tech for three 
years. He returned to Illinois Tech in 
1948 as assistant professor of chemical 
engineering. 


Robert E. Lyon has joined the staff 
of the Whiting Research Laboratories 
of Standard Oil Co. (Ind.). Dr. Lyon 
obtained his bachelor’s and master’s de 
grees at the Michigan College of Mining 
and Technology and obtained his Ph.D. 
degree in chemical engineering at the 
University of Michigan 


The assignment of L. William Ses- 
sions to the branch sales office of Mon- 
santo Chemical Co.’s organic chemi- 
cals division, St. Louis, Mo., has been 
announced. He joined the development 
group of the company’s John F. Queeny 
plant in 1946 and was transferred to 
the organic chemicals division’s sales 
department in 1948. He received his 
B.S. degree in chemical engineering 
from the University of Michigan. 


John D. Fennebresque, vice-presi- | 
dent and assistant to the president of | 
Celanese Corporation of America, has | 
heen elected to the board cf directors | 
of the company. He joined the com 
pany in 1944, and was general managet 
of the chemical division for several | 
years. He was elected vice-president 
in 1951, 


R. V. Becknell, formerly project | 
manager, has been appointed manager | 
of the project engi 
neering department 
of the M. W. Kel- | 
logg Co., a sub- | 
sidiary of Pullman, | 
Inc. Mr. Becknell | 
will serve as ad- 
ministrative head | 
of the department | 
and in addition will | 
be technically re- | 
sponsible for the 
project engineering on all company con- 
tract work in North, South and Cen- 
tral America. He received his B.S. de- 
gree in chemical engineering from 
Oklahoma A&M College 


(Necrology on page 72) 
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Irs prim and clean, and designed to mount on wall o: 
side of a tank or sump, but it’s no “wallflower.” You'll find it in the thick of things! 
A single stage, bottom entrance, vertical shaft, dry pit pump for handling abrasive 
mixtures and corrosive liquids and slurries — pumps anything that will flow. The 


Nagle type “TV” gives you 


® Freedom from leakage clean floors ® No submerged bearing 
assured 
Sizes from %" to 10° 
® No stuffing box ® Capacities to 4,000 g.p.m 


Send for Bulletin “TV 


NAGLE PUMPS, INC. 


A 4 


PUMPS AND CORROSIVE APPLICATIONS 


FLAT SPRAY 


HOLLOW CONE mm 


Write for NOZZLE CATALOG 
SPRAY ENGINEERING CO. 


"132 GENTRAL STREET + SOMERVILLE 45, MASS. 


Mil 
is NO | 
"WALLFLOWER" | 
| 6. 1255 CENTER AVENUE, CHICAGO HEIGHTS, ILL. 
: 
| RA | 
EULL CONE 
//// 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at |5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of charge r year. More than one insertion to members will be 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is 
aqpeed by prospective employers and employees that all communications will be acknow!l- 

ged, and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements al! 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
coates should be in the editorial offices the 15th of the month preceding the issue in which 
t is to appear. 


SITUATIONS OPEN 


SALES MANAGER PROFESSOR AND HEAD 
Who can ultimately assume manage Department of Chemical Engineering 
ment of a 3 year old department of a in accredited school. Doctor's degree, 
well-established steel company located teaching and industria! experience re 
in the Midwest and of thirty years quired. Must be capable of supervising 
standing New department manufac- research and continuing development 
tures unit with ever-growing sales vol- of department. 
ume and enjoying enthusiastic re- 
ception of the refrigeration trade. A Write: Edward R. Stapley, Dean 


graduate chemical or mechanical t f Technology 
formed in the theory of heat transfer. Oklahoma A. and M. College 
Box 5.4 Stillwater, Oklahoma 


CHEMICAL ENGINEERS 


Outstanding Opportunities 
as 
STAFF CONSULTANTS 


| 
challenging positions to men with expert- 
ence, imagination, initiative. | 


Work with our clients on evaluations of processes. 
process development, improvements in plant performance, 
and process-engineering computations. And with our pro- 
duction departments on difficult process-design problems. 


Our Consulting and Research Division offers 
| 


We prefer men with advanced degrees and eight or 

more years experience in the design and operation of oil- 
refineries or chemical-process plants. 


Please send your resume to our Personnel Department, | 
Attention R. A. Frank. Your letter will receive immediate 
action and be kept in strict confidence. 


| 
C F BRAUN & CO | 


Engineers Constructors Consultants 


ALHAMBRA, CALIFORNIA 


Serving the Petroleum and Chemical-Process Industries Since 1909 


CHEMICAL ENGINEERS 


Excellent opportunities in Process De- 
sign, Pilot and Semi-Commercial oper- 
ations. Location near Detroit. Please 
supply history of education and expe- 
rience. 


Sharples Chemicals Inc 
P. O. Box 151 
Wyandotte, Michigan 


INTERESTED IN WRITING? 


FOOD PROCESSING magazine has an 
opening on its editorial staff for a 
chemical engineer with experience in 
the food industries, or a food tech- 
nologist with some engineering train- 
ing. Some travel will be required 
Salary commensurate with ability. 


Send résumé of training and experience, 
listing three references. Reply will be 
held confidential. Address: The Editor, 
FOOD PROCESSING, tI! East Dela- 
ware Place, Chicago Illinois 


CHEMICAL ENGINEER 
OR CHEMIST 


Graduate, preferably with 
power plant or water treating 
experience, for sales and serv- 
ice work in Ohio and other 
states. Outstanding opportun- 
ity due to expansion with es- 
tablished national concern. 
Salary, expenses and bonus. 


Address Box 21-4, 
c/o Chemical Engineering Progress 


HEAT TRANSFER—Medium size fabricator 
requires a graduate engineer with expe 
rience in the rating of tubular heat transfer 
equipment. Position is in Pennsylvania 
Box 4-4. 


CHEMICAL ENGINEER, CHEMIST OR BIO- 
CHEMIST—To take charge of small pro- 
gram of research on sewage treatment 
methods at Queen's University, Kingston, 
Ontario. Program requires the full time 
employment of person capable to undertake 
and to direct pilot plant studies on puri- 
fication of industrial waste. Salary open. 
Further details on request 


VINYL POLYMER CHEMIST—A well estab 
lished national manufacturer is expanding 
its line of products to include polyvinyl! 
acetate emulsions. A chemist or chemical 
engineer with specific experience in poly- 
vinyl acetate polymerization is needed to 
take charge of the manufacture and product 
development of these new products. Ex- 
cellent opportunity to grow with an ex- 
panding organization. Please give details 
of education, experience and salary de 
sired. Our employees have been informed 
of this advertisement. Box 7-4 


FOR PROGRESS— 


use Chemical Engineering 
Progress. 


C.E.P. Classified Section is 
the answer to the age-old 
question of where to get the 
best in chemical engineers. 
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PHENOLIC 
UREA 


HYDROCARBON 


RESIN CHEMISTS 


POLYESTER 
VINYL 


Chemists having five years or more experience any above fields, 


FORMULATIONS 


MANUFACTURE 


APPLICATIONS 


Must be capable plan end carry on for themselves. 


TECHNICAL SERVICE 
Originality, pro- 


gressiveness and quality of performance will be basis merited recog- 


nition. 


Large fully equipped organization which is expanding above 


fields. Send complete résumé giving details, education, experience, and 


salary requirements. 


Replies will be held in strict confidence. 


Our 


employees know of this ad. Write Box 6-4. 


experience. 


development in other minerals. 


CHEMICAL ENGINEERS 
METALLURGICAL ENGINEERS 


Permanent positions open in operating and process research and development departments 
in Gulf Coast area for engineers with B.S. 


Company is engaged in large expansion of sulphur mining activities and research and 


Information on company policies, benefits and working conditions will be furnished when 
you send in detailed résumé to Personnel Department 
FREEPORT SULPHUR 

P. O. Box 1520 


New Orleans 5, Louisiana 


and M.S. degrees and one to three years’ 


Replies heid confidential, of course 


COMPANY 


SITUATIONS WANTED 


A.I.Ch.E. Members 


ENGINEERING MANAGER AVAILABLE — 
Chemical engineer with background in 
complete plant design and preparation and 
analysis of budgets for existing and pro- 
posed industrial installations Bulk of 
previous experience in detergent, pharma- 
ceutical, and organic chemicals fields 
Metropolitan N. Y. preferred. Box 1-4. 


CHEMICAL ENGINEER—-With four years’ ex- 
perience in production (department head), 
three years’ experience in trouble shooting, 
equipment design, installation and mainte- 
nance (now assistant plant engineer). 
Would like to change to a more responsible 
position in production, preferably in com- 
pany with incentive arrangement. Age 34, 
married. Box 2-4 


INDUSTRIAL ADVERTISING OR MARKET 
RESEARCH—Chemical engineer (B.S. Uni- 
versity of Michigan). Age 28, single. With 
six years’ experience in production, research 
and development on organic chemicals. 
Desire to utilize this experience in the field 
of industrial advertising or market re- 
search. Have aptitude and great interest in 
technical writing and in contact work. Box 
3-4. 


TECHNICAL ASSISTANT—B.ChE. 1943. 
years old company, research, plant start-up, 
pilot plant. 5', years organics plant de 
velopment, new equipment start-up, techni 
cal correspondence, cost projection. Desire 
similar challenging position in manufactur- 
ing or construction. Midwest. Box 10-4 
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SENIOR CHEMICAL ENGINEER 
Nine years’ experience process 
development, process design, 
ation, project engineering 
sponsible supervisory position 
to medium sized company 
location. Married. Age 30. 


CHEMICAL ENGINEER B.S. 1949, University 
of Washington. Licensed in Washington. Age 
25, family. Three years’ experience in fish 
and fish waste utilization research and de 
velopment Desire 
ment or production 


M.Ch.E 
and sales 
plant oper 
Desire re 
with small 
Prefer Eastern 
Box 11-4. 


position in develop 


Box 12-4 


ACADEMIC POSITION 


Chemical Engineer- 
ing Ph.D. Age 34, 


family. Active member 
A.LCh.E. Seek teaching position with re 
sponsibility and opportunity. Twelve 
month basis preferred. Eight years’ teach 
ing, industrial, and consulting experience 
Publications. Excellent references. Avail 
able June. Box 13-4. 


PATENTS--B.S.ChE., LL.B. 
New York March Bar Age 31! ive years’ 
experience process and equipment design 
for petroleum, chemical, and ore bene 
ficiation plants Excellent writer Seek 
position in patent field. Box 14-4 


Awaiting results 


oe — DEVELOPMENT B.S. in 

h.E. Eleven years’ experience production 

pe technical service in high 

work to 14,000 Ibs petroleum refining 

LPG, coal processing, and nitrating acids 

Desire to relocate in responsible super 
visory position. Box 15-4 


pressure 
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CHEMICAL ENGINEER-—Equivalent M.S. 2'; 
years’ research and production supervision 
experience. 29, married, veteran. Interested 
in responsible position in pilot plant, de- 
velopment or production work. Dry area 
preferred. Box 16-4 ea 

EXECUTIVE CHEMICAL ENGINEER. Twenty 
years’ experience, recognized ability in 
chemical plant process design, economic 
studies, supervision of slant erection and 
break-in Desire position, 
aggressive firm. Michigan graduate, regis- 
tered professional engineer. Box 17-4 

CHEMICAL ENGINEER Spec jalist on equip- 
ment design, machinery and process vessels 
Twenty years’ experience application and 
process work in petrochemicals, inorganic 
minerals, organic chemicals, and waste dis- 
posal fields. Available immediately. Will 
relocate. Salary $7,000. Box 16-4 

CHEMICAL ENGINEER 29. holds profes: 
sional engineer's lense. Seven years’ ex- 
perience in design, operation, and sales of 
chemical equipment Rapeutens ed in district 
office sales. Desire sales 
sition in Philadelphia area 
$6,500. Box 19.4 

LOOKING FOR A POTENTIAL EXECUTIVE? 

Enthusiasm, mental agility, clear-thinking 
are my key assets. Age 32. BChE. Ex 
perience primarily process development in 
petrochemicals. Box 20.4 


engineering po 
Present salary 


BUSINESS OPPORTUNITIES 


ADVERTISER MARKETING world patent 
product of undoubted value to paint manu 
facturers, builders merchants, steel con 
structors, engineering companies, garages 
automotive stores desires contact with 
existing organization capable of handling 
distribution. Great sales possibilities. Re 
plies to Box No. 8-4 

BRITISH COMPANY OF STANDING desirous 
to market in U. S. A. world patent product 
of proved value and large selling possibil 
ities for the automotive and engineering 
industry metal finishing, steel-construct 
ing and paint companies— seeks contact 
with persons or firms able to provide capi 
tal or finance on partnership basis. Director 
of advertiser will shortly arrive. Replies to 
Box No. 9.4 


A.1.Ch.E. MEMBERSHIP 
INFORMATION 


S. L. TYLER, Secretary 


American Institute of Chemical 
Engineers 


120 E. 41st St. 
New York 17, New York 


Dear Sir: Please send me infor- 
mation regarding membership re- 
quirements. 


Name 
Age 
Address 
City 


Zone 


State 


Wood Sole 
SHOES 


for the 


Style 1230 


Resistant to chemicals, acids, 
salts, 


oils, water and heat. 


Superior to leather or rubber 


in many operations; less slip- 
ping in wet processing. Cost 
less—wear longer. 


Sizes for 
5 to 12. 
Steel safety toe optional. 


men and women: 


Send for Catalog 


Davenport 10, lowa 


Established 1900 


Chemical Plant Shoe 


CHEMICAL INDUSTRY 


STAHMER SHOE CO. 


LEFAX x 


@ POCKET SIZE TECHNICAL 
DATA BOOKS ‘%] EACH 


Printed on loose leaf, six hole, 6%” x 
3%” bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer, tech- 
nical worker and business man. 


eee 
Architecture Hydraulics 
Home Heating Surveying 


Iuminatien 
Electrician's Data 
Builder's Data 


Mech. Drawing 
Machine Design 
Machinists’ Data 


Lumber Data Piping Data 

Air Conditiening Surveying Tables 

General Math. Trig-Log Tables 

Math. Tables Metallurgy 

Physics Analytic 

Chemical Tables Chemistry 

Metals Highway 

Gen'l. Chemistry Engineering 

Reinforced Mechanics of 
Concrete Materials 

Building Power Trans. 
Construction Mach’y. 

Radio Thermodynamic 

Television & FM Tables and 

Electricity, AC Charts 

Electricity, DC Phys. and 

AC Motors and Thermedy- 

a Generators namic Data 

ransformers, Phys. ond 


Write for FREE Catalogs (over od list- 
ings). See for yourself how helpful LEFAX 
can be to you. Send $1 for each book, or 
$5 for any six books listed above, to: 


LEFAX Dept. CP-11 Philadelphia 7, Pa. 


Necrology 


J. R. WITHROW 


| James R. Withrow died on March 20, 


1953, at Cleveland, 
| short illness. 

Dr. Withrow received his B.S. degree 
in 1899 from the University of Pennsyl- 
vania. He then entered the employ of 
the Barrett Co. he worked for 
about three vears, returning to the Uni- 
versity of Pennsylvania from which he 
his Ph.D. in 1905. Subse- 
quently he entered the teaching field at 
the University of Illinois and in 1906 
went to Ohio State University where he 
remained until his retirement 
| years ago. 

Dr. Withrow joimed the Institute in 
1911 and had been active in its affairs 
serving three terms on Council, 1913 
1915, 1917-1919, and 1934-1936, and on 
the Chemical Engineering Education 
and Accrediting Committee. 

Dr. Withrow was well known through 

| his consulting practice. 


Ohio, following a 


where 


received 


about two 


E. C. BARELL 

Emil C. Barell, recently retired inter- 
national president of F. Hoffmann-La 
Roche and Co., Ltd., died in Basle, 
Switzerland, on March 17. 

Doctor Barell was associated with F. 
Hoffmann-La Roche and Co., Ltd., 
a period of fifty-seven years and, for 
more than half a century, was the chief 
executive officer of the firm. In addition 
to his degree Ph.D. in chemistry, 
which he received from the University 
of Berne, Doctor Barell received four 
honorary degrees from leading universi- 
ties in Switzerland. 

He was best known in this country for 
his pioneer work in developing facilities 
for large-scale production of vitamins. 

Doctor Barell was 79 years old. 


for 


as 


D. G. ANDERSON 


David G. Anderson, Jr., chemical 
engineer with the Atlas Powder Co., 


Wilmington, Del., since 1946, died 
March 7, 1953. After obtaining his doc- 


torate at Columbia University, Dr. 


| Anderson served as a project leader 
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of Delaware on 
which was under 
Scientific Research and 
Development. Before becoming asso- 
ciated with the Atlas Powder, he was 
with Westinghouse Electric Co., Pitts- 
burgh, Pa. He also served as an in- 
structor of chemical engineering, College 
of the City of New York. 


at the University 
secret war research, 
the Office of 


M. T. DUNBAR 


Mahlon Thompson Dunbar, a B.S. 
from the University of Maine in 1951, 
died recently. He was 23 years old. 
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Water cools itself with a 
C-R Chill-Vactor 


A Chill-Vactor is a_ three-stage 
steam-jet vacuum unit which serves 
to flash-cool water and certain other 
liquids through temperatures down 
to 32° F. No chemical refrigerant 
is used. There are no moving parts. 
Water literally itself” by 
partial evaporation at high vacuum. 
Vacuum refrigeration is usually less 
expensive than mechanical refriger- 
ation in first cost as well as opera- 
ting cost. 


“eools 


Chill-Vactors are producing 
chilled water in industrial plants 


throughout the world. They are 
cooling chemical solutions, fruit 
juices, milk, whiskey mash, ete. 


Bread and other baked goods have 
been vacuum cooled successfully for 
years. Other produets, such as let 
tuce, spinach, celery and other leafy 
vegetables, are cooled to 
temperatures around 33° F in quan 
tities up to 200 cars a day. 


being 


CHILL-VACTORS 


The Chill-Vactor is only one type 
of steam-jet Evactor manufactured 
by Croll Reynolds. Let our teech- 
nical staff help you with any or all 
of your vacuum problems. 


INFORMATION NEEDED 
FOR QUOTATIONS 

1. Quantity of water to be | 
chilled. 

2. Temperature range. 

3. Will all or any part of the 
chilled water be recircu- 
lated. 

4. Minimum pressures of steam | 
at point where equipment 
will be installed. 

5. Maximum temperature of 
water available for Chill- 
Vactor condenser. 

6. Your preference, if any, be- | 
tween barometric and sur- | 
face type condenser. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, N. J. 
New York Office: 17 John Street, New York 38, N. Y. 
STEAM JET EVACTORS 
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PRESIDENT 


Seems to me most people can imagine failure more 
easily than they can imagine success. Ever notice how 
olten they find reasons why an idea won’t work? And 
how atraid they are to try new things? I recently sug- 
gested to members of one of our sections that they try 
a one-day meeting to attract chemical engineers from all 
around their area. The first question asked was, “How 
much help can we get from the national organization?” 
This certainly betrayed fear of failure and these men 
weren't being abnormal or unusual. This seems to be 
a typical reaction. 

The very same men do tremendous things and carry 
enormous responsibilitics in their own familiar fields 
of action. | must conclude that they do not readily 
imagine being successtul in a new type of enterprise. 
Yet, this is one of the real keys to success in any field, 
Lile is intolerable if a man imagines himself to be a 
failure. A technical project is foredoomed if it is im- 
agined that it cannot succeed. 

I wonder if apparent inability to be creative is really 
due to inability to think up ideas or inability to imagine 
ideas being successful. There must be literally hun 
dreds of ways in which cach of our filty sections can 
function so as to interest and edify its members and, 
in addition, perform public service in accordance with 
the highest ideals of the professional group. Yet, most 
sections seem to stick pretty close to a stereotyped pro- 
gram featuring a conventional dinner followed by a 
conventional speech of some kind. Surely, more variety 
would be welcome and there ought to be a public- or 
community-service aspect included in any professional 
group's program. If ability to imagine success in under- 
taking new and untried types of activity will help, then 
a change in attitude and habits of thought may be all 
that is required. ‘This comes free to all. 


Nowadays up-to-date business organizations try to 
keep lines of communications open in both directions 
inside the company. Exactly the same sort of thing per- 
tains to a professional society such as A.1.Ch.E. 


Our members are more than ordinarily interested, as 
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“Ever notice how often they find reasons why 
an idea won't work?’ 


witness the fact that the returned questionnaires in our 
national survey far outnumber the usual response to 
such questionnaires. ‘This survey was organized for the 
express purpose of opening up a line of communication 
and finding out what members are thinking about 
certain subjects. Answers are being tabulated, and 
preliminary results should be available soon. 


I am getting some surprises as I go about the business 
of being President of your Institute. It is taking more 
time than [ anticipated primarily because I am getting 
more mail than I expected. Quite a large part of my 
evenings and week ends is devoted to correspondence. 
I do not begrudge this time since it means that com- 
munications are open to some extent at least. Most of 
the letters I receive from members are constructive and 
a good bit of the content deals with matters in which 
the writer is in general agreement with me or with 
Council or Institute tradition. There is an encouraging 
amount of well thought-out material which represents 
sort of “loyal opposition” and, of course, there is a 
little bit of stuff which is written in the heat of anger. 
It is always pleasant to have your views confirmed by 
thoughtful people. Sometimes vou learn more, though, 
from people who do not agree with you. 

I do like to receive constructive proposals for worth- 
while Institute activities, even though they may seem 
contrary to tradition, for these are the raw materials 
of progress. 

We have some important Institute problems to solve, 
and no doubt the response to our questionnaire will 
pose some more, It is pleasant tor me to be able to tell 
you that the 1953 Council is a real working body and 
may be expected to find practical solutions for a good 
many of our most pressing problems, As time goes on 
I hope to tell you more about some ot these problems 
and what we are doing about solving them. That ts 
the purpose of this column. 


April, 1953 
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VULCAN 


hee! exchangers are designed and built te 
apecific process cenditions ranging from liquid eir te 
Dewtherm, high vocwem fe high estsvre. Qwellty consirection 

emphasives jong lite and meets ASME ot TEMA requirements, 


Vulcen con study the particule: problem oad eupply the 
design build the equipment from tusign ferntshed 
by the customer. Assistance is given the customer in 
the econemic salectiio ef cheli ond tube types te 

be fabricated either bundle ar romevebia bundie 
with Seating er ovtiide pocked head. 


Moterinis of construction includes steestess teal, corben 
steel, nickel, copper, Evordur, aluminum, 
Monei, Mestelley, Ampxe, end Kerbete. 


Copren & Co.. au! Flect, 2. ONO 
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Millon Dollar Magie Fer Your Product] 


Can spray drying give your product a new form, more 
markets, or a big boost in profit potentials? Does 
your product have a chance to share in these exciting 
new advancements? The answer could be yes! Swenson 
spray drying research has helped many leading com- 
panies climb to new sales records. The list includes 
such fast moving money makers as instant coffee, 
plastic powders, paper coating materials, antibiotic 
fermentation residues, and petroleum catalysts. 


Next could be your own product! The quickest way 
to find out is to test it in the Swenson full-size spray 
dryer. You'll get the facts . . . and you'll get the 
benefit of experienced analysis and engineering by 
the leader in spray drying advancements. Talk spray 
drying with Swenson today! 


SINCE 1889 


PRODUCTION BASIS TESTING FOR FACTS: 
NOT GUESSWORK! 


The Swenson Research Laboratory Spray Dryer is 
commercial-size .. . the results you get from experi- 
mental tests, in barrel or carload lots, will match those 
of actual production conditions. You'll know the facts 
before major investment is required! 


ENGINEERING THAT HELPS YOU PLAN 
FOR PROFITS! 


Get the benefit of Swenson's combined experience in 
hundreds of successful spray drying applications! 
Swenson representatives are engineers equipped to 
help you in every phase of the spray drying problem 
... analysis, layout, design and manufacture of equip- 
ment and initial supervision of the job! 


SWENSON EVAPORATOR COMPANY 
15690 Lathrop Avenue « Harvey, lilinois 


Evaporators Spray Dryers Crystallizers Filters 
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